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Survival Prediction of End Stage Cancer Patients: A Quick Review
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Abstract

Survival prediction for end stage cancer patients remains an important task in Palliative Medicine. Previously more
of an art form, survival prediction has now become increasingly objective, utilizing statistical estimates of survival. Both
clinician prediction survival and actuarial estimation of survival have their uses and drawbacks. This article examines
the pros and cons of each and how both can be utilized at the bedside.
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Introduction

Patrick Young [1] was quoted as saying, “the trouble with weather
forecasting is that it is right too often for us to ignore it and wrong
too often for us to rely on it “. As with weather forecasting, survival
prediction of terminally ill cancer patients is an attempt to apply
objective actuarial data to a circumstance with an infinite number of
variables. For many physicians, nurses and other allied health care
professionals, formulating and conveying survival predictions can
be a daunting task [2]. However, survival prediction for end stage
cancer patients remains an important task in Palliative Medicine [3].
Previously more of an art form, survival prediction has now become
increasingly objective, utilizing statistical estimates of survival [4], with
the use of actuarial estimation of survival (AES), presented as scores
or indexes. Clinician prediction of survival (CPS), on the other hand,
depending on the clinician’s experience and clinical context, formulates
a survival prediction, usually in the form of a temporal prediction. To
be able to use both CPS and AES tools for survival prediction require
understanding of the pros and cons of each.

Survival prediction is helpful for the following reasons:

o Helps to determine goals of care and decision making by
patients and families; medical decision-making by the health
care team e.g. to proceed or not proceed with life sustaining
treatments such as intravenous anti-biotics and transfusions.

. Patients and families want to know.

o Helps to determine the most appropriate care in the best
possible setting e.g. hospice eligibility criteria.

«  Resource allocation and future policy planning e.g. subsidized
palliative drug plan coverage.

«  Potential common language for health care practitioners who
are involved in end of life planning.

Factors Influencing Survival in Advanced Cancer

Around 150 variables have been studied to predict survival [5,6].
When formulating survival prediction in the early stages of cancer,
tumor pathology, co-morbidities and response to oncologic therapy
are of greater importance. However, during the latter stages of cancer
(e.g. stage IV metastatic small cell lung cancer), performance status,
anorexia, systemic inflammation, lymphopenia, edema, symptoms like
delirium, dyspnea and dysphagia become more important predictors.
Many actuarial prognostic tools are based on these prognostic factors
that occur during the later stages of the cancer e.g. delirium, dyspnea,
poor performance status etc). A more detailed look at the variables that
have either a definite or possible impact on survival prediction can be

found in Table 2 of Dr Paul Glare’s paper [3] and being familiar with
these factors can be very helpful.

Clinician Predicted Survival (Cps) Versus Actuarial
Estimation of Survival (Aes)

Some of the features, including advantages and disadvantages of
CPS and AES are summarized as follows:

Lrs AES

Affected by multiple types of cognitive biases [7],

Statistically based and useful mainly for the group or populstion
level.

Shows a tendency wwards more optimistic survival
prediction [3,£.9].

More acenrate when accomplished by docrors ararm’s
length from the patienr's care [10] and those who are

Objective snd data based.

Restricred to the population in which it
was tested and may not be applicable to other pasient

‘more experienced [3,111. populations
Highly discriminating but somewhat miscalibrated (e.2. May not be applicable on the individual level [12] or current
carrectly identified a patient who will not do well but clinical context.

died a lor earlier than predicred)

May not take into account of acute potentially reversible factors
Usually in a temporal format (e.g. patient might most e.2 infections [13]
Tikely 0 survive 3-6 weeks).

Validated toals are not standardized and do not “speak” the
same Ianguage and makes meaningfal i ‘potentially

In the form of indexes and scoring system.

Usually in probabilistic format (e.z. 30% chance of surviving
‘more than 30 days).

Statistical Methods Employed in Aes

There are a myriad of statistical methods employed in these AES
[14]. Common methods include survival curves, with potential
problems of censoring and patients lost to follow up. Receiver operator
characteristics curve is also often used to assess discrimination for
binary responses e.g. alive or dead. Multi-variate analysis is often used
but not all patients have the same set of factors due to the heterogeneity
of end stage cancer patients. A more detailed description of the
statistical methods can be found in the paper by Bartfay [14].

Discussion

CPS is a complex, dynamic process, taking into consideration
patient and disease related factors, performance status, symptom
burden, and disease trajectory and laboratory markers. It does not
do so in a vacuum without observation and data, thus some actuarial
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Criterion Assessment Partial score
Dyspnea No Yes (1)
Anorexia No Yes 0
1.5
Kamofsky >30 0
Performance Scale 10-20 25
>12 0
11-12 2
- - . 7-10 25
Clinical prediction of survival (weeks) 5_6 45
3-4 6
1-2 8.5
<8.5 0
Total WBC (x10 9/ L) 8.6-11 0.5
>11 15
20 -40 % 0
Lymphocyte percentage 12-199% 1
<12 % 25
Risk group 30 day survival Total score
A >70 % 0-55
B 30-70 % 56-11
Cc <30 % 11.1-175
Table 1: The Palliative Prognostic Score (PaP)
Factor Partial score
PPS 10-20 4
30-50 25
> 50 0
Delirium 4
Dyspnea at rest 3.5
Oral intake: mouthfuls or less 25
Reduced, but more than mouthfuls 1
Edema 1

Each PPl component has an individual score and these scores are added to obtain
the overall score. The final PPI score stratifies the patients in 1 of these 3 groups:
PPI >=6 : survival time of less than 3 weeks

PPI >=4 but less than 6 : survival time shorter than 6 weeks

PPI <4 : survival time more than 6 weeks

Table 2: Palliative Prognostic Index (PPI)

information is incorporated in the CPS, with the potential to acquire
more new information as patients develop more medical problems.
However, miscalibration remains a problem where patients may
potentially be over treated or have a late palliative referral if the actual
survival is shorter than predicted. On the contrary, potential under-
treatment or a premature palliative referral, if the actual survival is
longer than predicted.

Additionally, the actuarial survival data is not independent of bias,
an example being the varied interpretation of functional status scales
and symptoms. Still, like weather forecasting, survival prediction,
despite its fallibility, can help us avoid certain “hazards”. In the case of
end stage cancer patients, these “hazards” may mean overly aggressive
treatment or transfer to an inappropriate location of care. The need
for accurate prognostication in determining goals of care and care
planning necessitates our pursuit to further define and validate clinical
factors e.g. delirium, anorexia etc.

Various AES palliative prognostic tools (see appendix A on some
examples of AES tools) have been developed to improve the prognostic
inaccuracy of the clinician prediction survival. The evidence of the
predictive value of the Palliative Performance (PaP) score is among the
best. However, each palliative prognostic tool has its own drawbacks [3].
For example, being constrained to the 30 day limit and needing blood
work in the PaP tool may not practical in certain settings (e.g. hospice or
near death) and not ideally applicable to Onco-hematological patients.

The other disadvantage is that it does not include delirium which is an
important prognostic factor. Definitions of symptom based prognostic
factors in the Palliative Prognostic Index (PPI) and PaP are difficult
to dichotomize as symptoms including dyspnea, appetite and delirium
are always on a continuum, with subjective interpretation (Table
1). The Palliative Performance Scale (PPS) may not be sufficiently
discriminatory for prediction survival and mid range PPS levels may be
harder to interpret [3]. Even biological parameters, (e.g. inflammatory
markers), may not be readily accessible and potentially confounded by
acute medical events e.g. superimposed infections.

Other prognostic tools may have the problem of irrelevant time
frames e.g. 2 week time frame for the Cancer Prognostic score. The
short term prediction and complex formula to calculate survival for the
Intra-hospital Cancer Mortality Risk Model (ICMRM) may discourage
use. Survival normograms do have their advantages but may not take
into account of acute potentially reversible factors e.g. infections [13]
and advent of new targeted palliative oncological treatments which
may prolong life.

Moreover, survival prediction scores from these validated tools
do not “speak” the same language and is subjected to interpretation
[4]. They are not interchangeable and may not be appropriate with the
clinical scenario at hand. It is also unclear which tools should be used
and at what time points of the disease trajectory and in which clinical
context. How valid are these tools will depend on future validation
studies. Though mathematically more accurate in calculating survival
on a population basis [12], what limits the application of AES is due
to the fact that these tools only account for a small part of the variance
in patients’ observed survival, and the lack of consistency amongst
prognostic factors between cancer patients individually. The actual
clinical impact of these tools remains to be seen. Ultimately, the ideal
AES prognostic tool will need to be user friendly to allow its uptake and
be presentable to patients for it to be useful. Unfortunately, no single
prognostic index or scoring system has been universally successful
in predicting outcomes across populations, especially on individual
patients [11,12].

As part of a bigger picture, one can hypothesize if an expert opinion
in the form of a palliative consult may help with survival prediction of
patients with intermediate prognosis. This is assuming that the expert
opinion may have a better understanding of the prognostic markers.

Conclusions and Recommendations

AES estimation of survival is generally superior to clinical judgment
mathematically; and that is because the accuracy of probabilistic
survival prediction is inherent in AES. However, CPS is often retained
as independent survival predictor on multivariate analysis [11]. Hence,
current literature recommends the use of both clinician prediction
survival and use of objective validated AES tools together [8,15].
Though certain AES do contain the CPS, e.g. PaP, it will be interesting
if the initial CPS in the PaP is the same as the final CPS from the same
clinician i.e. how stable the CPS is? A clinician may use a prognostic
score or index as a starting point and refine the prognosis to the clinical
scenario [3].

For example, a probabilistic survival prediction score may not
harmonize well with guidelines for admission to hospices or qualify
for subsidized palliative drug plans (e.g. hard to apply a survival
of 30%- 70% chance by 30 days compared to hospice criteria of < 3
months). However, on going through the mental exercise of using
an AES, it can be very educational in seeing the presence/ absence
of various prognostic factors when applied to the patient. With this
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understanding, a CPS can then be formulated. The clinician at the
bedside will take the overall clinical situation into consideration with a
validated AES tool (e.g. PaP, PPS) and formulate the survival prediction
(e.g. 3 to 6 weeks) relevant to the individual patient, clinical context
and hospice criteria. However, future studies will need to be done to
validate this approach.
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