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Abstract 
Background:  Maintaining functional status is among the most important patient-centered outcomes for older adults with cancer. This study 
investigated the association between comprehensive geriatric assessment (CGA) and progressive disease or decline of IADL-independence 1 
year after chemotherapy, overall survival (OS), and premature termination of chemotherapy. CGA-based functional status and quality of life (QOL) 
1 year after chemotherapy are also described.
Methods:  This prospective cohort study involved patients aged ≥65 years treated with chemotherapy for any cancer type. CGA and the 
G8-screening tool were performed before and after the completion of chemotherapy. Analyses were adjusted for tumor type and treatment 
intent: (a) indolent hematological malignancies, (b) aggressive hematological malignancies, c) solid malignancies treated with curative intent, and 
(d) solid malignancies treated with palliative intent.
Results:  All 291 included patients lived in The Netherlands; 193 (67.4%) lived fully independent prior to chemotherapy. The median age was 72 
years; 164 (56.4%) were male. IADL independence, CGA-based functional status, and QOL were maintained in half of the patients 1 year after 
chemotherapy. An abnormal G8-score before chemotherapy was a higher risk for progressive disease or a decline of IADL-independence (OR 
3.60, 95% CI, 1.98-6.54, P < .0001), prematurely terminated chemotherapy (OR 2.12, 95% CI, 1.24-3.65, P = .006), and shorter median OS (HR 
1.71, 95% CI, 1.16-2.52, P = .007). The impact of an abnormal G8-score differed across tumor type (oncological or hematological) and treatment 
indication (adjuvant or palliative).
Conclusion:  An abnormal G8 score before chemotherapy is associated with progressive disease and functional decline after chemotherapy and 
shorter median OS, especially in patients with solid malignancies.
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Implications for Practice
Our study shows that IADL independence, CGA-based functional status, and quality of life are maintained in approximately half of the 
older patients treated with chemotherapy. Patients with a low G8 score before treatment are at increased risk of prematurely stopping 
chemotherapy and suffering adverse outcomes. These patients experience more frequent loss of IADL functional status, while progressive 
disease occurs more and overall survival is lower. Screening patients older than 65 years, using the easy-to-use G8 score, provides 
valuable information that can help guide decision-making regarding chemotherapeutic treatment.

Introduction
Cancer is mainly a disease in the older adult, with patients 
>75 years of age currently compromising 33% of all new 
diagnoses in the Netherlands.1 It is expected that by 2035 
older adults will represent 60% of all new cancer diagnoses 
due to the aging population.2 This results in increasing clini-
cal challenges for physicians to choose the optimal treatment 

that offers an acceptable physical performance and quality of 
life while targeting disease control.

Most systemic antitumor treatments are also administered 
to older patients, although this may lead to comorbidity3 and 
loss of quality of life.4 The assessment of treatment risks before 
therapy is difficult in this patient category due to asymptom-
atic differences in physical reserve.5 Comprehensive geriatric 
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assessment (CGA) is considered the gold standard to detect 
unidentified health problems in older cancer patients6,7 and 
it influenced therapy decision-making in multidisciplinary 
teams,8 resulting in improved communication between patient 
and physician about the optimal treatment.9

Despite the fact that guidelines currently recommend 
CGA-based interventions to improve clinical outcomes of 
older patients receiving cancer therapy,10,11 the use of CGA 
as standard assessment in routine patient care is limited 
outside clinical trials.12 An explanation for this is that the 
implementation of CGA in standard care is difficult due to 
the lack of institutional availability and limited resources.10 
Nevertheless, several studies have shown that CGA is feasi-
ble in oncological care and it is increasingly incorporated in 
clinical trials.13,14 However, the majority of phase III cancer 
registration trials are still characterized by strictly defined 
tumor- and treatment settings and the inclusion of patients 
with a good ECOG performance score.15 These conditions 
are not always representative of the older oncological popu-
lation in a peripheral hospital.16 Furthermore, oncologists and 
hematologists also perform their own clinical judgment to 
estimate treatment risks and to differentiate between fit and 
frail patients. Therefore, it is still an area of research on how 
CGA can add to standard patient assessments in oncologi-
cal care. The prognostic value of CGA results in functional 
decline and well-established oncological parameters, such as 
survival, is unclear in populations of patients who are already 
deemed fit for chemotherapy by their treating oncologist.

Therefore, this observational study addresses this ques-
tion. We investigated the association between CGA results 
and both functional and oncological outcomes in a heteroge-
neous older population as seen in daily practice and who were 
deemed fit for chemotherapy by their treating oncologist.

Patients and Methods
Study Design
This single-center prospective cohort study involved patients 
≥65 years of age treated with chemotherapy with both cura-
tive and palliative intent. Patients were identified using lists of 
multidisciplinary tumor boards where therapeutic decisions 
were discussed. Patients were eligible for the study when they 
started any form of chemotherapy. Chemotherapy was defined 
as the use of at least 1 cytotoxic drug. Combination with 
other drugs, such as steroids and monoclonal antibodies was 
allowed. From 1 October 2013 until 1 January 2018, consec-
utive patients were included 2 months or less prior to the start 
of chemotherapy. The end of follow-up was 1 January 2020. 
The study was approved by the central review board (METC 
2015_08, NL47663.101.15). All patients provided written 
informed consent prior to inclusion. The exclusion criteria 
were chemotherapy in the past 3 months prior to inclusion 
or a second malignancy. Included patients were assessed for 
the G8-score17 and CGA at inclusion, immediately after, and 
1 year after completion of chemotherapy. Functional-, tumor-, 
treatment- and socio-demographic characteristics were pro-
spectively collected.

The primary endpoint was designed to capture both dis-
ease control and preserved functional status. This was defined 
as the combination of the absence of progressive disease and 
the maintenance of the independence of instrumental activ-
ities of daily living (IADL) 1 year after chemotherapy. This 
endpoint was considered clinically relevant in older cancer 

patients since functional status and quality of life after treat-
ment are of great importance in this population,18 but most of 
these patients also do not want to compromise on oncological 
efficacy once they decide to undergo chemotherapy. Disease 
progression was assessed using international RECIST crite-
ria for each tumor type. The decline of IADL-independence 
was defined as a decline of >2 points immediately after che-
motherapy or >1 point 1 year after chemotherapy19 on the 
scale of Lawton and Brody.20 This scale was scored from 0 
to 8, with 0 being fully IADL-dependent and 8 being fully 
IADL-independent.

The secondary endpoints were premature termination of 
chemotherapy and overall survival (OS). Premature termi-
nation of chemotherapy was defined as not completing the 
preplanned number of chemotherapeutic cycles or as one of 
the following conditions in case of indefinite chemotherapy: 
1. Termination of chemotherapy less than 3 months after 
the start. 2. Termination of chemotherapy due to any other 
reason than the progressive disease. The second aim of this 
study was to describe IADL independence, CGA results (as a 
marker of functional status), and quality of life 1 year after 
chemotherapy.

Assessment Tools
All patients underwent screening with the Geriatric 8 (G8) 
screening tool, which defines patients as high risk (G8 ≤ 14) 
or low risk (G8 > 14) for adverse outcomes on a scale from 0 
to 20.17 Then, all study patients underwent CGA prior to che-
motherapy, immediately after- and 1 year after chemotherapy 
and patients answered quality of life questionnaires (QLQ-
C30).21 The CGA was performed by trained geriatric nurses. 
Geriatric interventions for impairments detected by CGA 
were not routinely conducted since CGA was not part of the 
routine care during the inclusion period of the study accord-
ing to national guidelines back then. Impairments detected 
by CGA were communicated to the treating physician, after 
which geriatric consultation was the physician's choice.

The CGA consisted of: A Charlson comorbidity index,22 
polypharmacy (≥5 medications) yes/no, activities of daily liv-
ing (ADL),23 instrumental activities of daily living (IADL),20 
a geriatric depression scale-15 (GDS-15),24 a Mini-Mental 
State Evaluation (MMSE)25 and a minimal nutritional assess-
ment (MNA).26 Patients were classified as fit, vulnerable, or 
frail according to their CGA results. Fit patients had no or 
minimal comorbidity (Charlson comorbidity index ≤ 1 on a 
scale of 0-37), were fully ADL- and IADL-independent, had 
a good nutritional status (MNA > 23.5 on a scale of 0-30), 
no depressive symptoms (GDS-15 score ≤5 on a scale of 
0-15), good cognition (MMSE ≥ 27 on a scale of 0-30) and 
no polypharmacy (number of medications ≤ 4). Patients were 
considered frail when they had one or more of the following 
symptoms: 1. Any ADL-dependence. 2. Multiple comorbidi-
ties (Charlson comorbidity index ≥ 3). 3. Impaired cognition 
(MMSE < 23). 4. Malnutrition (MNA ≤ 16). 5. Severe depres-
sive symptoms (GDS-15 ≥ 10). Patients not fitting in one of 
these profiles were classified as vulnerable.27

Statistical Analyses
Continuous parameters were described as median + interquar-
tile range (IQR) and categorical parameters as percentages. 
Cox proportional hazard analyses were used to determine 
the association between CGA results, G8-score, and OS. 
Binary logistic regression models were used to determine the 
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association between CGA results or the G8-score and pro-
gressive disease or IADL decline 1 year after chemotherapy 
and preterm termination of chemotherapy. In these models, 
the endpoint of either progressive disease or IADL-decline 
1 year after chemotherapy and premature termination of 
chemotherapy were the dependent variables. For the entire 
cohort, the prognostic impact of the CGA-score (fit, vulner-
able, or frail) and the G8-score (abnormal vs. normal) was 
analyzed in separate models adjusted for age, tumor type 
and treatment intent. The variable "tumor type and treat-
ment intent" consisted of the following categories: (1) (Neo)
adjuvant chemotherapy for solid malignancies. (2) Palliative 
chemotherapy for solid malignancies. (3) Indolent hematolog-
ical malignancies. (4) Aggressive hematological malignancies. 
The analyses were also performed in subgroups with only 
oncological or hematological patients. The analyses with 
only oncological patients were adjusted for age, tumor type 
(colorectal, other gastro-intestinal, breast/gynecological, or 
urogenital) and treatment intent (curative or palliative). The 
analyses with only hematological patients were adjusted for 
age and tumor type (low grade lymphoma/chronic leukemia, 
high grade lymphoma/acute leukemia, or multiple myeloma).

The EORTC QLQ-C30 questionnaire version 3.0 was used 
to assess the quality of life before and 1 year after chemo-
therapy. The questionnaire consisted of 5 functional scales 
(physical, role functioning, cognition, emotion, and social), 3 
symptom scales (fatigue, pain, nausea, and/or vomiting), and 
7 single-item scores (dyspnea, insomnia, appetite loss, con-
stipation, diarrhea, financial impact of disease or treatment, 
and global quality of life). All scores were transformed to a 
0-100 scale using a linear transformation.21 Higher scores 
indicated a better performance on the functional scales. In 
contrast, higher scores indicated a worse level of symptoms 
on the symptom scales and single-item questions.

A P-value of ≤.05 was considered to be statistically sig-
nificant. The proportional hazards assumption in the Cox 
proportional hazard models was assessed by including inter-
action effects of covariates and follow-up time in a Cox pro-
portional hazard model with time-dependent covariates. All 
analyses were performed using SPSS version 24 (SPSS Inc., 
Chicago, IL).

Results
In total, 299 patients were identified between October 2013 
and February 2018. Of these patients, 5 were excluded 
because they did not meet all of the inclusion criteria, 2 
patients unexpectedly died before the start of chemother-
apy, and one patient decided not to proceed with chemo-
therapy. The remaining 291 patients were deemed fit for 
chemotherapy by their treating physician and underwent 
chemotherapy accordingly. Characteristics of the study 
cohort are listed in Table 1. Of the 291 analyzed patients, 
72 patients received (neo)adjuvant chemotherapy with cura-
tive intent for a solid malignancy, 49 patients received pal-
liative chemotherapy for a solid malignancy, 115 patients 
were treated for an indolent hematological malignancy, and 
55 patients for an aggressive hematological malignancy. 
Individual diagnoses within the group of indolent hema-
tological malignancies were: Multiple myeloma (n = 51, 
44.3%), chronic lymphatic leukemia (n = 26, 22.6%), 
low-grade B-cell lymphomas (n = 17, 14.8%), follicular 
lymphoma (n = 16, 13.9%), myelodysplastic syndrome 

(n = 3, 2.6%) and marginal zone lymphoma (n = 2, 1.7%). 
Individual diagnoses within the group of aggressive hema-
tological malignancies were: Diffuse large B-cell lymphoma 
(n = 38, 69.1%), acute myeloid leukemia (n = 14, 25.5%), 
mantle cell lymphoma (n = 2, 3.6%) and Hodgkin lym-
phoma (n = 1, 1.8%). More details of all included tumor 
types and used chemotherapeutic regimens for each tumor 
type are described in Table 2. The median follow-up of the 
study was 34 months.

Table 3 shows the prevalence of CGA-impairments (%) 
prior to chemotherapy in the study cohort per cancer type. 
For the entire cohort, 46 patients (15.8%) were classified 
as fit, 125 patients (43.0%) as vulnerable and 120 patients 
(41.2%) as frail. An abnormal G8 score (<15 points) was 
observed in 183 patients (62.9%).

Association Between CGA Before Chemotherapy 
and Progressive Disease or IADL-Decline 1 Year 
After the Start of Chemotherapy.
After 1 year, follow-up regarding disease status and IADL 
decline was available in 266 of the 291 included patients 
(91.4%). The IADL status could not be assessed in the 
remaining 25 patients who were lost to follow up, although 
it was known that these patients were alive after 1 year. In 4 
patients (16%), this was due to severe physical deterioration, 

Table 1. Patient characteristics (n = 291).

Variable n (%) 

Age (years) 72 (IQR 68-77)

  65-69 97 (33.3)

  70-74 82 (28.2)

  75-79 72 (24.7)

  80-84 31 (10.7)

  ≥85 9 (3.1)

Male 164 (56.4)

WHO performance score

  0 81 (28.3)

  1 178 (62.2)

  2 22 (7.7)

  3 5 (1.7)

  Unknown 5 (1.7)

Social status

  With partner and fully independent 151 (53.0)

  Without partner and fully independent 42 (14.4)

  With partner and housekeeping aid 47 (16.2)

  Without partner, with housekeeping aid 17 (5.8)

  With partner and medical care at home 16 (5.5)

  Without partner, with medical care at home 6 (2.1)

  Necessarily living with other family 5 (1.7)

  Institutional health care 1 (0.3)

  Missing 6

Tumor type and treatment setting

   (Neo)adjuvant chemotherapy for solid malig-
nancy

72 (24.7)

  Palliative chemotherapy for solid malignancy 49 (16.8)

  Indolent hematological malignancy 115 (39.5)

  Aggressive hematological malignancy 55 (18.9)
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Table 2. Specification of included tumor types and chemotherapeutic regimens.

Tumor types Number of patients Chemotherapeutic regimen + duration of treatment 

(Neo)adjuvant chemotherapy for solid malignancies 72 (100%)

Colorectal 48 (66.7%) CAPOX (n = 26)
(median 17 weeks, IQR 5.8-24 weeks)
Capecitabine monotherapya (n = 22)
(median 5 weeks, IQR 4-8 weeks)

Breast 11 (15.3%) Anthracyclins + paclitaxel or docetaxel (n = 10)
(median 15 weeks, IQR 15-23 weeks)
Docetaxel + cyclophosphamide (6 weeks, n = 1)

Gastric cancer 5 (6.9%) ECX (n = 5)
(median 7 weeks, IQR 3-10.5 weeks)

Pancreas 4 (5.6%) Gemcitabin + cisplatin
(median 22 weeks, n = 3)
Gemcitabin monotherapy (22 weeks, n = 1)

Bladder 3 (4.2%) Gemcitabin + cisplatin or carboplatin
(median 9 weeks, n = 3)

Biliary tract cancer 1 (1.4%) Gemcitabin + cisplatin (10 weeks, n = 1)

Palliative chemotherapy for solid malignancies 49 (100%)

Colorectal 29 (59.2%) CAPOX/FOLFOXa (n = 18)
(median 14 weeks, IQR 5.3-18 weeks)
Capecitabine monotherapyb (n = 10)
(median 13 weeks, IQR 7-31.3 weeks)
FOLFIRI (16 weeks, n = 1)

Prostate 7 (14.3%) Docetaxel + prednisone (n = 7)
(median 18 weeks, IQR 15-27 weeks)

Ovarian or endometrial cancer 5 (10.2%) Paclitaxel + carboplatin (n = 4)
(median 18 weeks, IQR 9.8-20.3 weeks)
Gemcitabin + carboplatin (21 weeks, n = 1)

Esophageal 4 (8.2%) Paclitaxel + carboplatin (n = 4)
(median 13.5 weeks, IQR 9-5.8 weeks)

Breast 2 (4.1%) FAC (15 weeks, n = 1)
Docetaxel + trastuzumab + pertuzumab
(3 weeks, n = 1)

Pancreas 1 (2.0%) FOLFIRINOX (7 weeks, n = 1)

Biliary tract cancer 1 (2.0%) Gemcitabin + cisplatin (16 weeks, n = 1)

Indolent hematological malignancies 115

Multiple myeloma 51 (44.3%) MPV or bortezomib-based (n = 28)c

(median 25 weeks, IQR 16-43 weeks)
Lenalidomide-/thalidomide- or pomalidomide-based 
(n = 12)d

(median 28 weeks, IQR 7-45)
Ixazomib- or carfilzomibe (n = 8)
(median 36.5 weeks, IQR 35-42.3 weeks)
Cyclophosphamide-based (n = 3)
(13, 16, and 22 weeks)

Chronic- and hairy cell leukemia 26 (22.6%) Cyclophosphamide-based (n = 5)f

(median 20 weeks, IQR 7-21 weeks)
Chlorambucil-based (n = 9)g

(median 21 weeks, IQR 4-22.5 weeks)
2-CDA (5 days, n = 4)
R-bendamustine (1, 5, and 9 weeks, n = 3)
Azacitidine (duration unknown, n = 3)
R-DHAP (11 weeks, n = 1)
Venetoclax (duration unknown, n = 1)

Lymphoplasmacytic-/small B-cell lymphoma 17 (14.8%) Cyclophosphamide-based (n = 14)h

(median 21 weeks, IQR 17.8-22 weeks)
R-bendamustine (20 & 21 weeks, n = 2)
R-chlorambucil (68 weeks, n = 1)

Follicular lymphoma 16 (13.9%) Cyclophosphamide-based (n = 15)I

(median 21 weeks, IQR 15-21 weeks)
R-CHOP (21 weeks, n = 1)

Myelodysplastic syndrome 3 (2.6%) Azacitidine (36 weeks, n = 2)
Daunorubicin + cytarabine (5 weeks, n = 1)
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in the other 21 patients the reason was unknown. Table 4 
shows the prevalence of progressive disease or IADL decline 
within 1 year after the start of chemotherapy, median OS, and 
the prevalence of premature termination of chemotherapy per 
cancer type and according to CGA-result (fit, vulnerable, frail, 
and abnormal G8). The prevalence of either progressive dis-
ease or IADL decline 1 year after chemotherapy was 51.9%, 
and the median PFS was 25 months (IQR 8-48 months). In 
the first year after the start of chemotherapy, 117 patients 
(40.2%) were at least once admitted to the hospital and 28 
patients (9.6%) 2 times or more.

The prognostic value of an abnormal G8 score and CGA 
results after correction for age, tumor type, and treatment 
are reported in Table 5 (entire cohort), Supplementary Table 
1 (oncological patients only), and Supplementary Table 2 
(hematological patients only).

An abnormal G8-score was independently associated 
with progressive disease or IADL decline 1 year after che-
motherapy (OR 3.60, 95% CI, 1.98-6.54, P < .0001). This 
was mainly in patients with solid malignancies, possibly 
because of the toxicity of (neo)adjuvant chemotherapy (OR 
4.12, 95% CI, 1.51-11.22, P = .006). No association was 
observed between CGA results and progressive disease or 
IADL decline 1 year after chemotherapy in the entire cohort 
(Table 5).

Association Between CGA-Results and Overall 
Survival
Median OS was 34 months (IQR 16-53 months) in the entire 
cohort. In the first year after the start of chemotherapy, 49 
patients (16.8%) died. An abnormal G8 was associated with 
shorter median OS (HR 1.71, 95% CI, 1.16-2.52, P = .007), 
independently of age, tumor type, and treatment intent, while 
CGA results were not (Table 5). This was mainly observed 

in patients treated for solid malignancies (HR 1.66, 95% CI, 
0.93-2.93), although the prognostic impact on OS did not 
reach statistical significance, possibly because of insufficient 
power for subgroup analysis. (Supplementary Table 1).

Association Between CGA-Results and Preterm 
Termination of Chemotherapy
Dose reductions of chemotherapy occurred in 89 patients 
(30.6%); of which, 36 patients (40.4%) were treated with 
curative intent and 53 patients (59.6%) were treated with 
palliative intent. The dose reductions in this study cohort 
included both upfront dose reductions at the start of ther-
apy and dose reductions initiated during therapy. Dose 
delays of chemotherapy occurred in 61 patients (21.0%), of 
which 19 patients (31.1%) were treated with curative intent. 
Chemotherapy was prematurely terminated in 119 patients 
(41%). Factors associated with premature termination of che-
motherapy were age (OR 1.05, 95% CI, 1.00-1.09, P = .023) 
and an abnormal G8-score (OR 2.12, 95% CI, 1.24-3.65, 
P = .006) (Table 5). The negative prognostic impact of an 
abnormal G8-score was only observed in the patients with 
solid malignancies (OR 2.34, 95% CI, 1.03-5.32, P = .043) 
(Supplementary Table 1) and not in the patients with hemato-
logical malignancies (OR 1.83, 95% CI 0.85-3.94, P = 0.121) 
(Supplementary Table 2).

Functional Outcomes 1 Year After Chemotherapy
Almost half of the patients (n = 140, 48.1%) did not return 
for CGA 1 year after chemotherapy. This was mainly due to 
death or physical decline causing the follow-up CGA to be a 
too large burden (Fig. 1). CGA-based outcomes 1 year after 
chemotherapy of the patients who underwent follow-up CGA 
are described per cancer type in Table 6. In summary, most of 
the remaining patients (≥75%) maintained their pre-treatment 

Tumor types Number of patients Chemotherapeutic regimen + duration of treatment 

Marginal zone lymphoma 2 (1.7%) R-CVP (21 and 22 weeks, n = 2)

Aggressive haematological malignancies 55

Diffuse large B-cell lymphoma 38 (69.1%) R-CHOP/R-CEOP (n = 37)
(median 15 weeks, IQR 15-21 weeks)
R-PECC (1 week, n = 1)

Acute myeloid leukemia 14 (25.6%) Daunorubicin + cytarabin (n = 10)
(median 5 weeks, IQR 1.5-7 weeks)
Azacitidine (n = 4)
(median 52.5 weeks, IQR 11-66.3 weeks)

Mantle cell lymphoma 2 (3.6%) R-bendamustine (19 and 23 weeks, n = 2)

Hodgkin lymhoma 1 (1.8%) ABVD (38 weeks, n = 1)

aCombined with radiotherapy in 9 patients.
bWith or without bevacizumab.
cWith daratumumab (n = 1).
dWith daratumumab (n = 2).
eAll combined with lenalidomide or thalidomide.
fR-CVP (n = 3) or with fludarabine (n = 2).
gWith rituximab (n = 6) or with lenalidomide and rituximab (n = 2) or with obinutuzumab (n = 1).
hDRC (n= 12) or R-CVP (n= 2).
iDRC (n= 1) R-CVP (n= 14).
Abbreviations: ABVD, adriamycine + bleomycine + vinblastine + dacarbazine; CAPOX/FOLFOX, capecitabine or fluorouracil + oxaliplatin; 
2-CDA, 2-chlorodeoxyadenosine; DRC, dexamethasone + rituximab + cyclophosphamide; ECX, epirubicin + cisplatin + capecitabine; 
FAC, fluorouracil + doxorubicin + cyclophosphamide; FOLFIRI, 5-fluorouracil + irinotecan; IQR, interquartile range; MPV, 
melphalan + prednisone + bortezomib; R-CEOP, rituximab + cyclophosphamide + etoposide + vincristine + prednisone; R-CHOP, 
rituximab + cyclophosphamide + doxorubicin + vincristine + prednisone; R-CVP, rituximab + cyclophosphamide + vincristine + prednisone; R-DHAP, 
rituximab + cisplatin + cytarabine + prednisone; R-PECC, rituximab + prednisone + etoposide + chlorambucil + lomustine.

Table 2. Continued
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CGA-based condition (fit, vulnerable, or frail), despite treat-
ment with chemotherapy. Except for the patient group treated 
with palliative chemotherapy for a solid malignancy, <15% of 
the fit patients prior to chemotherapy became frail in the first 
year after chemotherapy, irrespective of cancer type. The level of 
IADL functioning after chemotherapy was maintained at 80% 
on average in fit patients, except in patients receiving palliative 
chemotherapy, in whom this percentage was 57.1% (Table 6).

Quality of Life
Quality of life (QOL) assessment before chemotherapy was 
available in 283 patients (97.2%). A comparison with QOL 1 
year after chemotherapy could be performed in 146 patients 
(51.6%). The other patients did not return the QOL question-
naires 1 year after chemotherapy and therefore, longitudinal 
QOL assessment was not possible in this group. In the major-
ity of these patients, this was due to death, severe deteriora-
tion of the physical condition, or progressive disease (n = 85, 
30%). In 14 patients (4.9%) it was not possible to study the 
impact of chemotherapy on quality of life because of prema-
ture termination of chemotherapy. In the remaining patients 
(n = 38, 13.4%), the reason for not returning the QOL ques-
tionnaires was unknown.

Before chemotherapy, self-reported QOL was high with 
functional scales all >75, meaning that patients regarded their 
physical function as >75% and with no or little impact on 
daily life. Mean scores on the symptom scales ranged from 0 
to 22.2 on a scale from 0 to 100, where 0 was no complaints 
and 100 was very severe complaints. A mean score of 22.2 cor-
responded with very little impact on daily life. Mean overall 
QOL was 72.61 years after chemotherapy, the performance on 
functional scales and overall QOL was maintained and most 
patients experience fewer symptoms on the symptom scales.

Discussion
Our study showed that patients with an abnormal G8-score 
before chemotherapy were at higher risk of progressive disease 

or IADL-decline 1 year after treatment (OR 3.60, 95% CI 
1.98-6.54). Also, these patients had shorter median OS (HR 
1.71, 95% CI 1.16-2.52) and more often premature termina-
tion of chemotherapy (OR 2.12, 95% CI 1.24-3.65). This was 
mainly observed in patients treated (neo)adjuvant chemother-
apy for solid malignancies. CGA classification (fit, vulnerable, 
or frail) before chemotherapy was not significantly associated 
with these clinical outcomes.

Systematic reviews in general show a negative prognostic 
impact of an abnormal G8 or CGA on OS and premature 
termination of chemotherapy28-30 Therefore, multiple stud-
ies presented at the ASCO 2020 investigated the prognostic 
impact of CGA-based interventions.31-33 These studies showed 
that CGA-based interventions resulted in a 10-20% reduction 
of chemotherapeutic toxicity31,32 and better quality of life.34 At 
the same time, OS was not diminished 6 months after chemo-
therapy compared to the patients without CGA-based dose 
reductions, indicating that oncological efficacy was not com-
promised.31,33 Our study adds to this knowledge by showing 
that the prognostic effect of G8-based geriatric impairments 
is dependent on tumor type and treatment setting. Our results 
suggest that especially patients treated with (neo)adjuvant 
chemotherapy benefit from the G8 screening as a diagnostic 
tool, which was also observed in another trial.35 Explanations 
for this remain speculative, but possibly lie in the high tox-
icity of adjuvant chemotherapeutic regimens. The threshold 
of administering highly toxic chemotherapy is lower than in 
other patient groups due to the desire to “cure” the patient, 
while a majority of these patients are treated without direct 
clinical benefit. As a result, older adults receiving chemother-
apy with curative intent are especially in need of some form of 
CGA integrated with standard oncological care.

It must be noted that the integration of CGA in standard 
oncological care remains a clinical challenge because the 
prognostic impact differs according to tumor type, treat-
ment intent (adjuvant or palliative), as shown by our study, 
and extensiveness of the assessment by the treating oncolo-
gist. Cooperation between oncologists and geriatricians dif-
fers across hospitals and countries, ranging from combined 

Table 3. CGA impairments before the start of chemotherapy.

 (Neo)adjuvant 
chemotherapy for solid 
malignancies
n = 72 

Palliative chemotherapy  
for
solid malignancies
n = 49 

Indolent haematological 
malignancies
n = 115 

Aggressive 
haematological 
malignancies
n = 55 

Abnormal G8 41 (56.9%) 25 (51.0%) 77 (67.0%) 40 (72.7%)

CGA-result

  Fit 16 (22.2%) 7 (14.3%) 14 (12.2%) 9 (16.4%)

  Vulnerable 38 (52.8%) 24 (49.0%) 46 (40.0%) 17 (30.9%)

  Frail 18 (25.0%) 18 (36.7%) 55 (47.8%) 29 (52.7%)

Comorbidity present
(CCI >2)

4 (5.6%) 5 (10.2%) 21 (18.3%) 12 (21.8%)

Any ADL-dependence 13 (18.1%) 11 (22.4%) 31 (27.0%) 18 (32.7%)

Any IADL-dependence 27 (37.5%) 23 (46.9%) 53 (46.1%) 19 (34.5%)

Cognitive impairment (MMSE ≤23) 1 (1.4%) 4 (8.2%) 9 (7.8%) 9 (16.4%)

Depressive symptoms (GDS ≥10) 1 (1.4%) 4 (8.2%) 15 (13.0%) 5 (9.1%)

Malnutrition
(MNA <17)

26 (36.1%) 2 (4.1%) 6 (5.2%) 2 (3.6%)

Polypharmacy 23 (31.9%) 17 (34.7%) 52 (45.2%) 21 (38.2%)
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Table 4. Summary of clinical endpoints according to cancer type and CGA-results at baseline (before chemotherapy).

 (Neo)adjuvant 
chemotherapy for solid 
malignancies (n = 72) 

Palliative 
chemotherapy for solid 
malignancies (n = 49) 

Indolent 
haematological 
malignancies (n = 115) 

Aggressive 
haematological 
malignancies (n = 55) 

Progressive disease and/or decline of 
IADL-independence (≥2 points) 1 year 
after chemotherapy (primary endpoint)

27/72 (37.5%) 35/49 (71.4%) 42/115 (36.5%) 22/55 (40%)

  Unknown 9/72 (12.5%) 4/49 (8.2%) 9/115 (7.8%) 3/55 (5.5%)

  Abnormal G8-score 22/27 (81.5%) 22/35 (62.9%) 35/42 (83.3%) 17/22 (77.3%)

  Fit 4/27 (14.8%) 4/35 (11/4%) 5/42 (11.9%) 2/22 (9.1%)

  Vulnerable 11/27 (40.7%) 19/35 (54.3%) 18/42 (42.9%) 7/22 (31.8%)

  Frail 12/27 (44.4%) 12/35 (34.3%) 19/42 (45.2%) 13/22 (59.1%)

Median OS in months (IQR) 44.5 (22-59) 18 (12-29.5) 34 (20-54) 35 (16-52)

  Unknown 0 0 0 0

  Abnormal G8-score 41 (13.5-60.5) 13 (10.5-32.5) 34 (18-52.5) 35.5 (16.3-51)

  Fit 47.5 (20.3-63) 19 (9-26) 48 (21.3-59.8) 48 (35-62)

  Vulnerable 47.5 (20.3-63) 15.5 (12-23.8) 35 (23.5-51.3) 34 (17.5-51.5)

  Frail 39.5 (11.5-57.8) 23.5 (12.5-38.3) 33 (14-54) 30 (8.5-51)

Preterm termination of chemotherapy 29/72 (40.3%) 26/49 (53.1%) 48/115 (41.7%) 16/55 (29.1%)

  Unknown 0 0 0 0

  Abnormal G8-score 21/29 (72.4%) 15/26 (57.7%) 33/48 (68.8%) 15/16 (93.8%)

  Fit 6/29 (20.7%) 4/26 (15.4%) 5/48 (10.4%) 1/16 (6.3%)

  Vulnerable 17/29 (58.6%) 13/26 (50%) 17/48 (35.4%) 4/16 (25%)

  Frail 6/29 (20.7%) 9/26 (34.6%) 26/48 (54.2%) 11/16 (68.8%)

Deceased within 1 year after chemo-
therapy

9/72 (12.5%) 12/49 (24.5%) 16/115 (13.9%) 12/55 (21.8%)

  Unknown 0 0 0 0

  Abnormal G8-score 8/9 (88.9%) 7/12 (58.3%) 12/16 (75%) 9/12 (75%)

  Fit 1/9 (11.1%) 2/12 (16.7%) 2/16 (12.5%) 1/12 (8.3%)

  Vulnerable 4/9 (44.4%) 6/12 (50%) 5/16 (31.3%) 3/12 (25%)

  Frail 4/9 (44.4%) 4/12 (33.3%) 9/16 (56.3%) 8/12 (66.7%)

Table 5. Association between CGA results and clinical endpoints.

 Progressive disease and/or 
decline of IADL-independence 
(≥2 points) 1 year after 
chemotherapy

Overall survival Premature termination of 
chemotherapy

OR 95% CI P HR 95% CI P OR 95% CI P 

Age 1.06 1.01-1.12 .014 1.03 1.00-1.06 .087 1.05 1.01-1.10 .023

Tumor type and treatment intent <.001 <.001 .059

  Indolent hematological (n = 115) Ref Ref Ref Ref Ref Ref Ref Ref Ref

   (Neo)adjuvant chemotherapy for solid malignancies (n = 72) 1.28 0.67-2.45 .451 0.84 0.52-1.38 .503 1.04 0.57-1.92 .897

  Aggressive hematological (n = 55) 1.04 0.52-2.06 .919 1.08 0.66-1.78 .748 0.54 0.27-1.08 .081

  Palliative chemotherapy for solid malignancies (n = 49) 5.61 2.49-12.64 <.001 2.91 1.89-4.48 <.001 1.69 0.85-3.34 .135

Abnormal G8 3.60 1.98-6.54 <.001 1.71 1.16-2.52 .007 2.12 1.24-3.65 .006

CGA .149 .352 .595

  Fit Ref Ref Ref Ref Ref Ref Ref Ref Ref

  Vulnerable 1.55 0.72-3.33 .261 1.39 0.81-2.39 .236 1.22 0.59-2.50 .593

  Frail 2.14 0.98-4.67 .056 1.49 0.87-2.57 .15 1.44 0.69-3.00 .326

Multivariable logistic regression and Cox proportional hazard models were performed with age and tumor type + treatment intent as independent variables, 
after which the G8 score and CGA results were added to this model in separate multivariable models.
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oncogeriatric outpatient departments to active participation 
of geriatricians in multidisciplinary tumor boards to no access 
to geriatric healthcare at all. Therefore, the actual additional 
value of CGA to standard oncological assessment needs to be 
further studied in prospective clinical trials across different 

treatment settings (adjuvant vs. palliative) and across differ-
ent healthcare systems. Currently, a few prospective studies 
investigating this are underway.36-38

Studies reporting serial functional assessments and quality 
of life after completion of chemotherapy are very scarce.7,39-42 

Figure 1. CGA-based condition before chemotherapy (left) and 1 year after chemotherapy (right).

Table 6. Longitudinal CGA-results per cancer type.

Pre-treatment CGA Same level of ADL/IADL- 
functioning after 1 year 

Fit after 1 year Vulnerable after 1 year Frail after 1 year 

Fit

  Indolent haematological 11 (78.6%) 6 (75%) 1 (12.5%) 1 (12.5%)

  Aggressive haematological 8 (88.9%) 6 (75%) 1 (12.5%) 1 (12.5%)

   (Neo)adjuvant chemotherapy for 
solid malignancies

13 (81.3%) 9 (81.8%) 1 (9.1%) 1 (9.1%)

  Palliative chemotherapy for solid 
malignancies

4 (57.1%) 2 (66.7%) 1 (33.3%) 0 (0%)

Vulnerable

  Indolent haematological 31 (67.4%) 7 (24.1%) 21 (72.4%) 1 (3.4%)

  Aggressive haematological 9 (52.9%) 1 (10%) 8 (80%) 1 (10%)

   (Neo)adjuvant chemotherapy for 
solid malignancies

21 (55.3%) 3 (16.7%) 12 (66.7%) 3 (16.7%)

  Palliative chemotherapy for solid 
malignancies

9 (37.5%) 0 (0%) 7 (100%) 0 (0%)

Frail

   Indolent hematological 31 (56.4%) 2 (7.4%) 9 (33.3%) 16 (59.3%)

  Aggressive hematological 9 (31%) 0 (0%) 4 (28.6%) 10 (71.4%)

   (Neo)adjuvant chemotherapy for 
solid malignancies

7 (38.9%) 0 (0%) 1 (12.5%) 7 (87.5%)

  Palliative chemotherapy for solid 
malignancies

9 (50%) 1 (12.5%) 1 (12.5%) 6 (75%)
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A functional decline after chemotherapy is reported in 
33-41% of older patients with solid malignancies.43-45 In 
contrast to these studies, which selected patients with 1 or 
2 distinct types of cancer, we report functional outcomes in 
a heterogeneous population of older patients with cancer, 
as seen in general practice. In our study, half of the patients 
demonstrated a good quality of life and functional perfor-
mance 1 year after chemotherapy. One-third of the patients 
were deceased or had severe physical deterioration, hamper-
ing the measurements after 1 year. Approximately 25% of the 
patients did not fully recover in terms of IADL independence 
and CGA-based functional status, including the patient group 
classified as fit. Interestingly, the functional decline was least 
observed in frail patients treated with palliative chemother-
apy for solid malignancies compared to frail patients in the 
other subgroups. The reason for this could not be determined 
in this study, but is possibly due to tumor response to palli-
ative chemotherapy in combination with less toxic palliative 
treatment or an appropriate selection of patients for palliative 
chemotherapy by the oncologist independently of CGA.

Our study has some limitations. This was a single-center 
non-randomized observational study. As a result, the eti-
ology of functional decline and shortened OS in patients 
with an abnormal G8 could not be assessed. The included 
patients were already deemed fit by their treating physician, 
which might have caused selection bias. Therefore, our results 
cannot be stretched to the entire population of older cancer 
patients. Additionally, one-third of the patients were under 
70 years of age. These patients are not always considered old 
adults and this might have impacted the good baseline QOL- 
and functional results. A substantial amount of longitudinal 
CGA and QOL assessments were missing, which could not be 
avoided because of the observational design of this study, the 
dropout of patients, and the lack of implementation of CGA 
in standard care. Therefore, we decided to only describe the 
available longitudinal assessments. An analysis to determine 
any associations with pre-treatment CGA or other clinical 
factors was not performed.

The strengths of our study are that this study is among the 
first to report on a combined study endpoint of oncological 
efficacy and functional status, which are both important to 
older patients treated with chemotherapy. Our study pro-
vides insight into the long-term OS of older patients treated 
with chemotherapy with a median follow-up of almost 3 
years. We also provide descriptions of functional and sur-
vival outcomes per tumor type and pretreatment CGA result. 
Hopefully, this will aid in the search for the exact role of 
CGA in oncological treatment. We also comment on func-
tional decline 1 year after chemotherapy, which is firstly a 
good length for older patients treated with palliative intent 
and secondly, it is understandable that functional status 
might decline temporarily shortly after administering che-
motherapy and possibly restores in the long term. As a result, 
our study gives insight into clinical and functional outcomes 
in a heterogeneous population of older adults with cancer 
patients and with multiple CGA deficits as seen in a general 
practice. These patients are often not included in large clin-
ical trials.

Conclusion
IADL independence, CGA-based functional status, and qual-
ity of life are maintained in at least half of the older patients 

treated with chemotherapy across all different cancer types. 
Geriatric deficits prior to chemotherapy identified using the 
short and practical G8 score are associated with progressive 
disease or functional decline within 1 year after chemother-
apy and shorter median OS in older patients treated with 
adjuvant chemotherapy for solid malignancies. Some form of 
CGA seems of additional value to the standard assessment 
by the oncologist in order to optimize the administration of 
chemotherapy to older patients.
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