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Abstract

Aims: To investigate whether the Geriatric 8 (G8) score and the Timed Get Up and Go Test (TGUGT), together with clinical and demographic patient charac-
teristics, are associated with survival and late toxicity after (chemo)radiation therapy, administered with curative intent in older patients with cancer.
Materials and methods: Four hundred and two patients aged �65 years (median age 72 years, range 65e96 years), diagnosed with either breast, non-small cell
lung, prostate, head and neck, rectal or oesophageal cancer, and referred for curative (chemo)radiation therapy, took part in a multicentre prospective cohort
study in eight radiotherapy centres in the Netherlands. The G8 and TGUGT scores were assessed before starting treatment. Other potential predictors and late
toxicity were also recorded. Survival status and date of death, if applicable, were ascertained at the Dutch national death registry.
Results: After 2.5 years, the overall survival was 83%. Survival was 87% for patients with high G8 scores and 55% for patients with low G8 scores (Log-rank P
value < 0.0001). Survival was 77% for patients with good TGUGT results and 50% for patients with poor TGUGT results (Log-rank P value < 0.001). In multi-
variable analysis, in addition to age and type of primary tumour, the association of the G8 score with overall survival remained, with a hazard ratio of 2.1 (95%
confidence interval 1.2e3.8) for low versus high scores.
Conclusions: G8 was associated with overall survival in older patients with cancer irradiated with curative intent. This association was independent of the
predictive value of age and primary tumour.
� 2020 The Royal College of Radiologists. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/
by/4.0/).
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Introduction

Radiotherapy treatment guidelines are preferably based
on evidence obtained from the results of clinical trials. This
could pose a problem for older patients with cancer,
because they are underrepresented in clinical trials [1]. Half
of patients with cancer are 70 years or older and the pro-
portion of older patients among patients with cancer is still
increasing [2]. Moreover, we know that older patients differ
from younger patients because they experience comorbid-
ities more often. Hence, they are at a higher risk of being
frail. Frailty implies that even a minor stressor can have
major negative implications on physical, psychological and
social domains [3,4]. Frailty places patients at greater risk of
adverse health outcomes. (Chemo)radiotherapy may lead to
major stressors and could, therefore, be less suitable for
frail, older patients with cancer. Frailty may have various
dimensions and patients sensitive to one stressor may be
less sensitive to another. Therefore, it remains unclear
whether a general measure of frailty will accurately predict
for outcomes after radiotherapy.

In clinical practice we need to find ways to distinguish
older patients with cancer who will respond to radio-
therapy from those who will not, as frail older patients
may not fully recover from radiotherapy-induced toxicity.
This is especially relevant in radiotherapy given with
curative intent, where we tend to accept more acute
toxicity. This acute toxicity will immediately reduce quality
of life, which is only acceptable if patients will fully recover
and have a sufficiently long life expectancy. For frail pa-
tients, neither might be true. Therefore, it is very important
to identify frail patients before the start of radiotherapy
with curative intent. Unfortunately, little is known about
the presence (or absence) of frailty in radiotherapy in
general and frailty testing before radiotherapy with cura-
tive intent in particular. A standard clinical assessment will
provide only a very limited and subjective insight into the
frailty status of the patient. Currently, it is this standard
clinical assessment that is used to guide treatment de-
cisions. There are a number of frailty tests available. We
decided to use the following two frailty screening tests in
our study.

The first is Geriatric 8 (G8). G8 is a short screening tool
developed to identify frail patients who can benefit from a
full geriatric assessment [5]. It has also been validated in
older patients with cancer [6,7]. It consists of eight ques-
tions and takes about 5 min to complete [8]. Patients with a
total score of 14 or less are considered frail and a full geri-
atric assessment is recommended [9].

However, apart from its proven value to identify pa-
tients who will benefit from a full geriatric assessment, G8
itself may also have a directly relevant predictive value for
patient outcomes after radiotherapy with curative intent.
Even in patients in whom a full geriatric assessment may
not yet be indicated, G8 might still predict poor outcomes.
In a previous study, multivariable analysis showed that
patients with cancer with a low G8 score had a signifi-
cantly shorter overall survival [10]. However, previous
studies did not specifically focus on older patients irradi-
ated with curative intent. In the heterogenous population
of those studies, a low G8 score could be a more general
marker for a poor prognosis (i.e. patients receiving radio-
therapy with palliative intent) [10]. Patients treated with
curative intent have a relatively favourable prognosis. In
this more homogenous population, distinguishing those
with a slightly less favourable prognosis is exceptionally
challenging.

The second frailty screening test we used is the Timed
Get Up and Go Test (TGUGT). It is a physical performance
test to quantify mobility as a measure of frailty [11]. A poor
TGUGT score was associated with increased 1-year mor-
tality in patients with cancer [12]. Furthermore, gait speed,
another physical performance measure, predicts early
death, disability, falls and hospitalisations in older patients
with cancer [13].

We have previously reported that G8 was univariably
associated with acute toxicity, in older patients with six
different types of cancer, irradiated with curative intent.
However, in multivariable analyses, neither G8 nor the
TGUGT was associated with acute toxicity or non-
compliance [14].

Here we report the results of 2.5 years of follow-up for
this cohort of older patients with cancer irradiated with
curative intent, to investigate whether G8, TGUGT and
clinical and demographic patient characteristics were
associated with serious late (radiotherapy-related) toxicity
and overall survival.
Materials and Methods

Patients

Consecutive patients aged �65 years, diagnosed with
either breast cancer, non-small cell lung cancer (NSCLC;
except those treated with stereotactic radiotherapy), pros-
tate cancer, head or neck cancer, rectal cancer or oesopha-
geal cancer, who were referred for radiotherapy with
curative treatment (primary radiotherapy, postoperative
radiotherapy or chemoradiotherapy), and had not under-
gone prior radiotherapy, were prospectively recruited from
April 2015 until the end of October 2015, in eight radio-
therapy centres in the Netherlands. G8 and TGUGT scores
were assessed before the start of radiotherapy and G8 was
reassessed after 2 years of follow-up. The test results did not
influence treatment decisions. All radiotherapy with cura-
tive intent was carried out as it was planned before per-
forming G8 and the TGUGT. The test results were used for
research purposes only, to assess potential relevance for
clinical decision making in the future, but not during this
study.

The study protocol was approved by the appropriate
institutional review boards (Breda, Rotterdam and METC
Zuid West Holland). These review boards waived the need
for written informed consent, because routinely collected
data were used.
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Data Collection and Assessments

The data were prospectively recorded through an online
clinical report form on a website of the Netherlands
Comprehensive Cancer Organization (IKNL). Recorded var-
iables were: age at inclusion, type of primary tumour,
gender, comorbidities (presence or absence of diabetes
mellitus, chronic obstructive pulmonary disease, hyper-
tension, previous cancer and other comorbidities), the Eu-
ropean Cooperative Oncology Group (ECOG)/World Health
Organization (WHO) performance score [15], number of
medications, perspective (i.e. patient’s motivation for
treatment: 0 not motivated to 10 highly motivated), path-
ological TN status (clinical TN status if pathological status
was not available), specification of radiotherapy regimen
(primary local, primary locoregional, postoperative local,
postoperative locoregional, primary chemoradiotherapy,
radiotherapy followed by surgery, chemoradiotherapy fol-
lowed by surgery and unknown), compliance with the
treatment (radiotherapy or chemoradiotherapy as planned,
interruption or adjustment of the radiotherapy, interrup-
tion or adjustment of the chemotherapy, radiotherapy not
completed, chemotherapy not completed, chemo-
radiotherapy not completed and unknown; all forms of
non-compliance were aggregated into one variable in the
final analyses) and the level of acute toxicity according to a
modification of the Common Terminology Criteria for
Adverse Events (CTCAE) version 4.0 (none; grade 1: mild;
grade 2: moderate; grade 3: severe or medically significant;
grade 4: life-threatening consequences; grade 5: death
related to adverse event, or death not related to adverse
event, or unknown) [16]. The results of the TGUGT and the
G8 score were recorded before the radiotherapy treatment
started. All assessments and recording of variables were
carried out by either radiation oncologists or (clinical or
research) nurses. After 2 years of follow-up, occurrence of
late (�3 months after last fraction) toxicity (according to
CTCAE V4.0) was assessed and the G8 score was repeated,
by telephone or during a visit to the out-patient clinic.
TGUGT was not carried out during follow-up. Unlike G8 and
toxicity, TGUGT could not be scored by telephone and
therefore offered an insurmountable logistical challenge if
patients were non-compliant for follow-up visits. Survival
status and date of death, if applicable, were ascertained at
the Dutch national death registry, which has a coverage of
over 99%.
Timed Get Up and Go Test

TGUGT is a physical performance test to quantify
mobility, as a measure of frailty. For assessing the TGUGT,
patients had to stand up from an armchair and walk for 3 m,
turnwithout touching thewall, walk back and sit down [11].
The time needed to do so was recorded. TGUGT was coded
missing for patients in a wheelchair, as wheelchair depen-
dence was unrelated to frailty.

The instruction was to walk at their normal speed. Pa-
tients were asked to practice two times. The test was
repeated three times. The average of these three scores was
used. The TGUGT is interpreted as follows: �10 s: normal;
11e20 s: frail; >20 s: needs further evaluation. For the
current study, all frail patients (with a score of 11e20 s or
with a score of >20 s) were aggregated into one group:
TGUGT >10 s.
Geriatric 8

G8 is a geriatric screening tool that was originally
designed to select older patients with cancer who could
benefit from a geriatric assessment [5].

G8 consists of the seven questions from the Mini Nutri-
tional Assessment and age. The questions from the Mini
Nutritional Assessment are about food intake, weight loss,
mobility, psychological status, body mass index, number of
medications and self-perception of health. G8 provides a
numerical score with a maximum score of 17 (no impair-
ment) and a minimum of 0 (heavily impaired). A score �14
is considered a marker for frailty [5].
Statistical Analyses

Descriptive statistics were reported. The unadjusted as-
sociation of baseline G8 scores with late toxicity grade �3
was analysed using the Fisher exact test. These results were
reported as risk differences with corresponding 95% confi-
dence intervals and P values. To show unadjusted differ-
ences in overall survival between different subgroups, life
table techniques were applied to construct KaplaneMeier
failure time graphs. G8 scores before and after treatment
were compared using a paired t-test, as the beforeeafter
difference was assumed to be sampled from an approxi-
mately normal distribution.

Furthermore, the association of survival and late toxicity
grade �3 with baseline variables was assessed using Cox
proportional hazards univariable and multivariable regres-
sion models. Covariates for multivariable regression were
selected by an automatic backward stepping procedure
with a selection criterion of P ¼ 0.05. The results of the Cox
regression were reported as hazard ratios with corre-
sponding 95% confidence intervals and P values. P
values � 0.05 were considered statistically significant. All
statistical analyses were conducted using SPSS version 23
software (IBM SPSS Statistics for Windows. Armonk, NY,
USA: IBM Corp. 2018).
Results

Population

As previously described, between April and October
2015, 402 patients were included in the study [14]. Baseline
characteristics are shown in Table 1. The median age was 72
years (mean 73; range: 65e96 years); 14% were older than
80 years. Follow-up for G8 score and late toxicity was car-
ried out after a median of 25 months (interquartile range



Table 1
Baseline characteristics

n

Gender Male 208 48.3%
Female 194 51.7%

Age Years; mean (range) 73 (65e96)
65e75 271 67.6%
75e85 114 28.4%
>85 16 4.0%

World Health Organization performance score 0 225 56.3%
1 143 35.8%
2 31 7.8%
3 1 0.2%

Primary tumour Breast cancer 141 35.2%
Prostate cancer 73 18.2%
Rectal cancer 70 17.5%
Non-small cell lung cancer 53 13.2%
Head and neck cancer 32 8.0%
Oesophageal cancer 29 7.2%
Unknown 3 0.7%

Radiotherapy Primary local radiotherapy 118 29.6%
Postoperative local radiotherapy 91 22.9%
Primary radiotherapy/chemotherapy 47 11.8%
Radiotherapy/chemotherapy followed by surgery 39 9.8%
Radiotherapy followed by surgery 38 9.3%
Postoperative locoregional radiotherapy 36 9.0%
Primary locoregional radiotherapy 29 7.3%
Unknown 1 0.3%

Note: due to rounding, percentages do not always add up to 100; and due to missing values, numbers do not always add up to 402.
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23e28). Survival was assessed after a median follow-up
period of 28 months (interquartile range 26e29).

Geriatric 8 and Timed Get Up and Go Test Results Before and
after Treatment

According to G8, 44% of the patients were considered
frail (i.e. G8 � 14) before treatment. Re-measurement of G8
showed stable scores. The mean G8 before treatment was
14.6 and after treatment it was 14.2. The mean difference
was e0.40 (P ¼ 0.0056) (95% confidence interval e0.67 to
e0.12). According to the TGUGT, 19% of the patients were
frail (i.e. TGUGT >10 s) before treatment.

Geriatric 8 and Timed Get Up and Go Test Results and
Survival

The cumulative incidence of death after 2.5 years was
27.5% (n ¼ 87). Of these 87 patients, 32 died of disease
progression, five of treatment complications, five of co-
morbidity and 45 of other or unknown causes. Survival after
2.5 years of follow-up for patients aged 65e74 years was
84% and for patients aged 75 years and older was 49% (Log-
rank P value < 0.0001). Overall survival after 2.5 years was
87% for patients with high G8 scores and 55% for patients
with low G8 scores (Log-rank P value < 0.0001). Survival
was 77% for patients with good TGUGT results and 50% for
patients with poor TGUGT results (Log-rank P
value < 0.001).
The overall survival after 2.5 years of follow-up was the
highest for patients with breast cancer (90%), followed by
prostate (88%), rectal (68%), head and neck (62%), oeso-
phageal cancer (41%) and NSCLC (36%) (Figure 1).

Classifying patients according to their G8 scores, the 2.5-
year overall survival was 78% for low scores and 95% for high
scores in patients with breast cancer (Log-rank P
value ¼ 0.15); 77% for low scores and 95% for high scores in
patients with prostate cancer (Log-rank P value ¼ 0.022);
39% for low scores and 97% for high scores for patients with
rectal cancer (Log-rank P value< 0.0001); 52% for low scores
and 78% for high scores for patients with head and neck
cancer (Log-rank P value¼ 0.30); 41% for low scores and 44%
for high scores for patients with oesophageal cancer (Log-
rank P value ¼ 0.75); 36% for low scores and 32% for high
scores for patients with NSCLC (Log-rank P value ¼ 0.29).
Overall survival according to primary tumour is depicted in
Figure 1, according to G8 and TGUGT in Figure 2 and ac-
cording to both primary tumour and G8 in Figure 3.

According to the results of univariable analyses, variables
with statistically significant associations with worse sur-
vival were: age (75e85 years and>85 years, both compared
with those aged 65e75 years), gender (male), type of pri-
mary tumour (oesophageal, NSCLC, head and neck and
rectal cancer, compared with breast cancer), chemo-
radiotherapy, G8, TGUGT, number of medications (>3),
WHO performance score (>0), acute toxicity (grade �3
compared with grade 0) and non-compliance (with any part
of the prescribed treatment) (Table 2).



Fig 2. KaplaneMeier survival graphs according to frailty as deter-
mined by Geriatric 8 (G8) and the Timed Get Up and Go Test (TGUGT).
Lines indicate survival. Markers indicate censoring.

Fig 1. KaplaneMeier survival graph according to type of primary
tumour. Lines indicate survival. Markers indicate censoring.
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After multivariable selection, only the type of primary
tumour (oesophageal, NSCLC, head and neck and rectal
cancer, comparedwith breast cancer), age (75e85 years and
>85 years, both compared with those aged 65e75 years)
and G8 remained statistically significantly associated with a
worse survival probability (Table 2).

Late Toxicity

Late toxicity scores were available for 276 patients.
Toxicity scores were unknown for 87 patients who died
before the measurement moment and, therefore, did not
have late toxicity recorded, and for 39 patients who were
lost to follow-up for the assessment of late toxicity. In pa-
tients for whom late toxicity scores were available, in 51%
(n ¼ 142) no radiotherapy-related toxicity was observed.
Grade 1 toxicity was observed in 29% (n ¼ 81), grade 2
toxicity in 16% (n ¼ 43), grade 3 toxicity in 1.4% (n ¼ 4),
grade 4 toxicity in 0.4% (n ¼ 1) and grade 5 toxicity in 1.8%
(n ¼ 5). Eighty-two patients died of causes unrelated to
radiotherapy.

Geriatric 8 and Timed Get Up and Go Test Results and Late
Toxicity

Three of the 169 patients (1.8%) who had a high score on
G8 developed late toxicity grade �3 compared with four of
the 96 patients (4.2%) who had a low score on G8. The dif-
ference was 2.4% (95% confidence interval e2.1 to 6.9%;
P ¼ 0.24).

Seven of the 228 patients (3.1%) who had good results on
the TGUGT developed late toxicity grade�3 compared with
two of the 43 patients (4.7%) who had poor results on the
TGUGT. The difference was 1.6% (95% confidence interval
e5.1 to 8.37%; P ¼ 0.60).
Discussion

In older patients with cancer irradiated with curative
intent, low G8 scores predicted for decreased overall sur-
vival. In multivariable analyses, low G8 score, age of the
patient and type of primary tumour remained statistically
significantly associated with survival. This association of
the G8 score, with mortality, appeared to vary between the
different types of primary tumour. The G8 score was an
especially strong predictor for mortality in rectal and
prostate cancers, although group sizes did not allow a test
for statistical interaction to be reliably carried out. There-
fore, these differences should be considered hypothesis
generating. In multivariable analyses, TGUGT did not sta-
tistically significantly predict for decreased survival.
Neither the G8 score nor the TGUGT were statistically
significantly associated with late toxicity of grade 3 or
higher in any type of cancer. However, this study was
underpowered for conclusions about late toxicity, due to
the remarkably low incidence of late toxicity. Larger
studies are therefore needed to investigate predictors of
late radiation-induced toxicity. Re-measurement of G8



Fig 3. KaplaneMeier survival graphs according to frailty as measured by Geriatric 8 (G8), stratified by type of primary tumour. Lines indicate
survival. Markers indicate censoring.
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showed a small statistically significant decline in G8 scores,
but this difference was not of a clinically relevant
magnitude.

In univariable analyses, the ECOG/WHO performance
score seemed like a strong predictor. However, it did not
remain statistically significantly associated with decreased
survival in multivariable analyses. This was due to the fact
that only very few patients had a poor performance score.
The predictive value of a poor performance was therefore
very high only for these few patients. However, most pa-
tients received a 0 score for the performance score,
whereas many of these were actually frail according to G8.
Therefore, for the total patient group, the added value of
the performance score was extremely limited compared
with G8. We also noted a substantial difference in the
percentage of patients considered frail, according to either
G8 or TGUGT. This was probably due to the fact that the
TGUGT measures only physical frailty, whereas G8 is
multidimensional. This observation therefore underscores
the need for a multidimensional assessment to fully
appreciate frailty.

Rates of grade �3 late toxicity in our study were low
(3.6%) and there was no significant difference between the
patients scoring high or low on either G8 or the TGUGT. Our
results seem to suggest that radiotherapy could be admin-
istered safely in the studied population of older (>65 years)
patients with cancer treated with radiotherapy with cura-
tive intent. However, late toxicity was not assessed in



Table 2
Univariable and multivariable analyses of associations with overall survival

Univariable (confidence interval) P Multivariable (confidence interval) P

Frail G8 (�14) 3.5 (2.2e5.5) <0.001 2.1 (1.2e3.8) 0.0086
TGUGT (>10 s) 2.2 (1.4e3.4) 0.0011

Age (years) 65e75 Reference <0.001 Reference <0.001
75e85 2.7 (1.7e4.2) <0.0001 2.4 (1.4e4.0) <0.0001
>85 5.8 (2.9e11.3) 0.0033 3.9 (1.7e9.0) 0.0012

Medications >3 1.9 (1.2e2.9) 0.0057
Chemotherapy 3.1 (2.0e4.7) 0.0029
Perspective <10 0.96 (0.62e1.5) 0.85
Primary tumour Breast Reference <0.0001 Reference <0.0001

Non-small cell
lung cancer

12.5 (5.9e26) <0.0001 9.2 (4.0e21) <0.0001

Prostate 1.4 (0.49e3.9) 0.55 1.4 (0.45e4.2) 0.58
Head and neck 6.4 (2.7e16) <0.0001 2.7 (0.97e7.5) 0.058
Rectal 3.4 (1.5e7.8) 0.0044 2.8 (1.2e6.8) 0.025
Oesophageal 13.0 (5.7e29) <0.0001 10.4 (4.3e25) <0.001

World Health
Organization
performance score

>0 4.0 (2.5e6.3) <0.0001

Acute toxicity Grade 0 Reference <0.001
Grade 1 and 2 2.0 (0.85e4.6) 0.11
Grade � 3 4.3 (1.8e10.7) 0.0015

Non-compliance 2.8 (1.4e5.3) 0.0025
Previous cancer 1.4 (0.80e2.5) 0.23
Gender Male 0.52 (0.33e0.80) 0.003

G8, Geriatric 8; TGUGT, Timed Get Up and Go Test.
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patients who died during follow-up. It can therefore not be
ruled out that these patients experienced late toxicity
before dying. Furthermore, all patients in this study were
already selected for radiotherapy with curative intent. It
can, therefore, also not be ruled out that a broader selection
of older patients with cancer would experience more late
toxicity.

We observed that a low score on G8 remained statisti-
cally significantly associated with survival after multivari-
able analysis. Previous studies have shown that a low score
on G8 was associated with worse survival [8,10,17,18].
However, those studies included different treatment stra-
tegies, including both palliative and curative intent. Patients
treated with palliative intent are more likely to be frail.
Therefore, in this heterogeneous population low G8 scores
could in part measure worse disease status and associated
poor prognosis. In contrast, our study included only older
patients with cancer receiving (chemo)radiotherapy with
curative intent. This group has a relatively good prognosis
and is much more homogenous than the groups included in
those previous studies. Therefore, prediction of poor per-
formance is even more challenging. Yet, G8 also predicted
survival in this selected population, showing for the first
time the value of this screening tool in older patients with
cancer with relatively favourable prognosis treated with
radiotherapy with curative intent. It is noteworthy that,
even in this selected population of relatively fitter patients,
still almost half the patients were frail according to G8. This
observation clearly illustrates the ability of G8 to identify
frail patients much more sensitively than, for example, the
performance score.
A potential limitation of our study could be that we
included patients with six different types of tumour.
Therefore, the numbers of patients per individual tumour
type are more limited than they would have been in a
similar sized study focusing on a single type of tumour.
However, in spite of this potential limitation, we were still
able to clearly show differences in the predictive value of G8
for mortality, between the various tumour types. Further-
more, by including these six different tumour types, we also
included treatment heterogeneity, which could have
diluted associations. However, we still observed strong as-
sociations and by including the six most common types of
tumour eligible for radiotherapy in older patients, we also
provide a comprehensive picture of the population of older
patients with cancer. A more selected and homogenous
population would have been less informative for the
broader range of patients seen in daily clinical practice.
Another strength is the completeness of the data. Our
mortality data were over 99% complete due to a mandatory
national registration system in the Netherlands. The degree
of completeness of the follow-up for late toxicity scores was
also very high, with complete data for 90% of the patients
still alive at the time of follow-up.

A limitation inherent to this type of study, but not
specific to our study, is the potential for overfitting of the
model to the particularities of the study population. This
overfitting can limit external validity, which is why
models like these should always be validated and cali-
brated in an independent population. However, our final
model included only three variables. For all of these it is
biologically plausible that they are indeed predictive of
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mortality. Therefore, the risk for overfitting is probably
very limited.

In conclusion, G8 is an easy to use scoring tool that
provides good prediction of mortality in addition to the
predictive value of the age of the patient and the type of
primary tumour. The predictive value of G8 does seem to
vary between types of tumour.

Therefore, the G8 score, in the future, may contribute to
the individualisation of treatment decisions for older pa-
tients with cancer, especially by adding this assessment in
the group of patients who are now treated with curative
intent, based on only the tumour characteristics, age and
general clinical assessment. The results of G8 could then be
used to have a better-informed discussion with the patient
about the probability of treatment success or failure.
However, the results of this study need to be confirmed.
Furthermore, more precise estimates of differences be-
tween different type of tumour need to be obtained in
larger international studies.
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