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Abstract

The objective of this review is to provide an update on prognostication in patients with advanced cancer and to discuss future
directions for research in this field. Accurate prognostication of survival for patients with advanced cancer is vital, as patient life
expectancy informs many important personal and clinical decisions. The most common prognostic approach is clinician predic-
tion of survival (CPS) using temporal, surprise, or probabilistic questions. The surprise and probabilistic questions may be more
accurate than the temporal approach, partly by limiting the time frame of prediction. Prognostic models such as the Glasgow
Prognostic Score (GPS), Palliative Performance Scale (PPS), Palliative Prognostic Score (PaP), Palliative Prognostic Index (PPI),
or Prognosis in Palliative Care Study (PiPS) predictor model may augment CPS. However, care must be taken to select the
appropriate tool since prognostic accuracy varies by patient population, setting, and time frame of prediction. In addition to life
expectancy, patients and caregivers often desire that expected treatment outcomes and bodily changes be communicated to them
in a sensible manner at an appropriate time. We propose the following 10 major themes for future prognostication research: (1)
enhancing prognostic accuracy, (2) improving reliability and reproducibility of prognosis, (3) identifying the appropriate prog-
nostic tool for a given setting, (4) predicting the risks and benefits of cancer therapies, (5) predicting survival for pediatric
populations, (6) translating prognostic knowledge into practice, (7) understanding the impact of prognostic uncertainty, (8)
communicating prognosis, (9) clarifying outcomes associated with delivery of prognostic information, and (10) standardizing
prognostic terminology.
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Introduction

Accurate prediction of survival for patients with advanced
cancer is critical since many personal and clinical decisions
are driven by patient life expectancy. Complex decisions re-
garding initiation, intensity, or termination of palliative sys-
temic therapies; palliative procedures or surgery; artificial nu-
trition or hydration; and hospice care are all dependent on a
patient’s prognosis [1, 2]. Prognostication of survival is a
challenging task, however. Clinician intuition (i.e., clinician
prediction of survival [CPS]) is often inaccurate, and prognos-
tic uncertainty decreases clinician confidence in communicat-
ing prognosis with patients [3]. Inaccurate prognostic under-
standing may also contribute to more aggressive end-of-life
care [4, 5].

In 2005, a Working Group of the Research Network of the
European Association for Palliative Care identified evidence-
based recommendations regarding prognostication in ad-
vanced cancer [6]. Since then, a growing body of research
has aimed to improve the accuracy of CPS as well as of prog-
nostic factors and models. In June 2018, a panel of prognostic
researchers and clinicians convened an international prognos-
tication workshop at the Multinational Association for
Supportive Care in Cancer annual meeting in Vienna,
Austria. This manuscript summarizes the workshop, provides
an update on prognostication in patients with advanced can-
cer, and proposes future directions for prognostication re-
search in this population.

Current prognostic factors and models

Clinician prediction of survival CPS is the most common ap-
proach to estimating survival of patients with cancer [1]. The
three general forms of CPS are (1) the temporal approach
(How long will this patient live?); (2) surprise questions
(Would I be surprised if this patient died in [specific time
frame]?); and (3) the probabilistic approach (What is the
probability of survival of this patient in [specific time
frame]?). The tendency of the temporal approach to overes-
timate survival was first identified in a cardinal study con-
ducted at St. Christopher’s Hospice over 40 years ago [7],
and has since been well established [8—10]. In contrast, the
binomial nature (yes or no) of the surprise question may
improve prognostic accuracy. Indeed, the surprise question
performs relatively well as a survival prediction tool, with a
C-index of 0.75 in a meta-analysis of studies in the oncology
setting [11]. Interestingly, accuracy of the surprise question
may be higher in oncology patients than in other disease
groups [11, 12]. Probabilistic CPS may also outperform the
temporal approach, as demonstrated by a systematic review
of 42 studies in which probabilistic estimates performed
modestly (C-index of 0.74-0.78), while both categorical
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(overall accuracy 23—78%) and continuous (difference be-
tween predicted and actual survival ranged from — 86 to +
93 days) temporal approaches yielded wide variation [8].
Thus, by limiting the time frame of prediction, both the sur-
prise and probabilistic questions appear to predict survival
more accurately than temporal CPS; however, further re-
search is needed.

Prognostic factors Clinical signs and symptoms may improve
the accuracy of CPS, the most significant of which include
deterioration in performance status (PS), dyspnea, delirium or
cognitive failure, and cancer anorexia-cachexia syndrome [6,
13, 14]. The systemic inflammatory response, as evidenced by
high C-reactive protein (CRP), low albumin, and leukocyto-
sis, among other markers, also has independent prognostic
value in patients with advanced cancer [15]. Phase angle
(PA), a marker of nutritional status obtained via bioelectrical
impedance analysis, is also significantly associated with over-
all survival [16-19].

Prognostic models A recent systematic review identified sev-
en distinct prognostic tools of varying objectivity and utility
for use in patients with advanced cancer [20]. Of these, the
Glasgow Prognostic Score (GPS), Palliative Performance
Scale (PPS), Palliative Prognostic Index (PPI), and Palliative
Prognostic Score (PaP) were the most widely used. These
models incorporate a combination of clinical (subjective)
and biomarker (objective) parameters. Of note, the GPS in-
cludes only two parameters, both of which are objectively
measured, and has prognostic value complementary to that
of PS [21, 22]. Other potentially useful prognostic tools in-
clude nomograms [23, 24], the Objective Palliative Prognostic
Score (OPPS) [25], the Objective Prognostic Score (OPS) [26,
27], the Prognosis in Palliative Care Study (PiPS) predictor
model [28, 29], and PRONOPALL [30, 31].

Accuracy of prognostic models The accuracy of the PaP,
Delirium-PaP (D-PaP), PPI, and PPS were directly compared
in 549 patients admitted to Italian hospices [32]. All tools
achieved adequate discrimination, but the C-index was greater
for PaP and D-PaP versus PPI and PPS. The PaP, D-PaP, PPI,
and PiPS (modified forms A and B) were also compared in
patients with advanced cancer in various clinical settings [33].
All tools discriminated patients with distinct survival times
and achieved accuracy (true positive + true negative/total
cases) of >69%; however, PPI had a lower C-index as com-
pared to PaP and D-PaP. Table 1 summarizes common prog-
nostic models and highlights the varied methods used to as-
sess their accuracy, including area under the curve (AUC)
within a specified time frame, C-index, and overall accuracy.
Future trials should focus on consistency of reporting to facil-
itate direct comparisons between studies. Future trials should
also investigate novel prognostic strategies and refine existing



1975

Support Care Cancer (2019) 27:1973-1984

Xapuj onsoudoid

aAnered 7dd ‘g ApmiS 2180 aAneI[ed Ul SIsouSold g-SJld V ApniS a1e) dAneI[ed Ul SISouS01] V-SJ1d ‘21005 nsouSold dAneled Jrd 1008 onsouso1d 2A1na[qQ SJO 1008 onsousoId daneled
2A100[qQ SIJO “Q1qedndde jou yn 01008 onsouSo1d daneled WP JPJ-J TeAlAIns Jo uondipaid uerdmu g4 ‘weiSowoN onsousold sojleg NJg OAIND Y JOpUN eaIe )Y SUOYDIAALG]Y

(uoneprres)
0L°0 XopuI-D skep ¢'81 ‘(yuowdojoaap) sAep 1°6¢ syun a1ed 2anered pue A3oj0ouo 1oued [y [¢z] weiowou ysiuedg
98°0 Sypuow 7 DNV skep g¢ Juonedut tooued Iy [1¢] TIVdONOUd
Ajoanoadsar g/ () pue [§°() Sypuow 9 pue g DNV PaqLIdSIp JON [eLIOYE[NQUE T00UED [V [0€] TIVdONOHYd
$8'0—SL°0 Xopur-) skep 846 SSUINAS SNOLIBA 100URd IV [€€] 1dd
9,9/ Aoemooe

[[BIOAO [BAIAINS SYOIM Q > $951] AOBINOJE [[BIOAO [BAIAINS SYOIM € > skep 97 ~ oordsoy juenedur 0) paprwpe 100ued [y [0Z1] 1dd
79°0 Xopui-D skep ¢z oordsoy juenedur pue juonedino Jo XN [41] Idd

QOIAIOS
89°(0 XopuI-) SAep ¢ a1ed aAner[ed & 0} parjar Apmau 1odued [y [67] g-Sdid
9,98 01 {7/ AJOBINDJE [[BIDAQ sKep 8467 s3umyes snoweA 120ued [y [€¢€] g-Sdid

Q0IAIOS
69°0 XopuI-) SAep ¢ a1ed oAner[ed & 0} parjar Apmau 1odued [y [67] V-Sdid
9%.8 01 9%¢/ KJRINOJE [[RIDAQ sKep 8467 s3umpes snowea 120ued [V [€¢€] V-Sdid
88°0-6L°0 Xopul-D skep 8T S3umas SNOLeA I90ued [T [¢€] ded-d
€L°0 Xopui-) skep g ao1dsoy 0} papIwipe 1e0Ued [V [#41] ded-a
68°0—6L°0 Xopul-p skep 84— SSUINaS SNOLIEA 1ooued [y [¢¢] ded
TL'0 Xopur-) skep ¢g oordsor Juenedur pue yuenedino jo X1 [ph1] ded
78°0 s&ep L DNV PaqUIdSAP JON yuonedur Tooued [y [$¢] Sddo

s3uipos
18°0—FL 0 dNSHRIS-D 958/ —(/ AOBINOIE [[BIOAO [BAIAINS JOIM-¢ Sumyes uo Jurpuadop ‘sAep gg—Gz  o1ed aaner[ed paseq-owoy pue -[eyidsoy jo X1 [£Z] SdO
9,9/ AoBINDOE [[BIOAO [BAIAINS OOM-§ SAep 9¢ juanedur ‘oued [y [97] SdO
1dd 103 9L°0 *SdD 10} 850 SKep 0€ DNV skep 601 yuanedur weoued [y [€1] 1dd ‘SdD

91008 [10)-ded
10J €/°0 ‘SO Moy Jed 10 8.°0 ‘SdD-ded 10J LS°0 SAep 0€ DNV skep 601 Juenedut 100ued [y [#¢1] ded ‘SdD
uonsonb
9L’0 Xopur-) VN maraar onewdiskg  [11] osudms ‘SdD
uonsonb
€8°0 sypuow 81-9 DNV VN ma1aa1 onewdiskg  [z1] esudmns ‘sdD
9 8.—€T AovINOJE [[RIAQ VN MOTARI OTeISAS  [8] Terodwa) ‘SdD
8L°0—L'0 Spuow 9 DOV VN maraar onewskg - [g] - onsiiqeqoid ‘SdD
(uonepires)

¥8'0 AP 0€ DNV *1L°0 XopU-) skep 71 ‘(uowdofoaap) skep 997 [eHORINQUIE 130Ued IV [1] Ndg
SQINSLAW AJBINOOY [BAIAINS UBIPOIA uonendod Joy S[00} o1sousoIq

sjopowr onsougoid Juarapp Suisn (SJD) [BAIAINS JO UONIIPAId URIDIUI[D JO AoRINJOY

L 3|qel

pringer

Qs



1976

Support Care Cancer (2019) 27:1973-1984

prognostic tools so as to increase their utility in clinical
practice.

Diagnosis of impending death The models above were de-
signed to differentiate among patients with months, weeks,
and days of survival, whereas factors predictive of death with-
in 3 days consist largely of physical signs. The Investigating
the Process of Dying study assessed the frequency, onset, and
diagnostic performance for death in 3 days of 62 physical
signs in 357 patients admitted to acute palliative care units.
Multiple highly specific “tell-tale” signs of impending death
were identified, including pulselessness of the radial artery,
hyperextension of the neck, grunting of vocal cords,
Cheyne-Stokes breathing, and death rattle [34-37]. In a sub-
sequent prognostic model, patients were classified into prog-
nostic categories based on PPS and drooping of the nasolabial
folds. These skin folds, which can be assessed with a high
degree of interrater reliability [38—40], run from the nose to
the corners of the mouth and become less prominent in the last
days of life due to loss of facial muscle tone [36]. The four
prognostic categories (3-day mortality rate) included: (1) PPS
score <20% and drooping of nasolabial folds present (94%);
(2) PPS score <20% and drooping of nasolabial folds absent
(42%);, (3) PPS score of 30-60% (16%); and (4) PPS score >
70% (3%), with an accuracy of 79—86% [34].

Important principles of prognostication For all of the ap-
proaches above, it is important to note that prognostic accura-
cy varies by (1) patient population and setting; (2) individual
clinician making the prediction; (3) prognostic approach and
time frame of prognostication; and (4) method used to assess
accuracy. Thus, findings from individual studies may not be
generalizable to others, and it is critical that confounding var-
iables be adequately controlled or described. Meta-analyses
should also pay particular attention to only combine studies
examining similar populations.

The role of anorexia-cachexia
in prognostication

Cancer anorexia-cachexia is driven by a variable combina-
tion of reduced food intake and abnormal metabolism. The
resulting negative protein and energy balance precipitates
weight loss not corrected by conventional nutrition support,
leading to functional impairment. Several facets of anorexia-
cachexia are associated with poor prognosis, including poor
appetite, nutrition impact symptoms (NIS), weight loss,
changes in body composition, and sarcopenia [41].
Inflammation and low testosterone have also been associated
with decreased survival in patients with cancer cachexia
[42].
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Changes in body weight and composition Weight loss of >
5% is significant in determining prognosis of patients with
cancer [43], particularly in patients with a lower body mass
index (BMI) [44]. Prognostic accuracy of weight loss and
BMI in patients with advanced cancer is improved when PS,
anorexia, and physical and emotional functioning are also
considered [45]. Changes in body composition and depletion
of skeletal muscle mass are also associated with decreased
survival in patients with cancer [46-50]. In both early- and
late-stage cancer, sarcopenia increases risk of overall mortality
[47, 51-53].

Anorexia and NIS Poor appetite is a pervasive problem in
oncology that increases in severity over the disease course
[54]. A systematic review of 30 randomized controlled trials
(RCTs) of patients with cancer demonstrated that inclusion of
three health-related quality of life parameters (appetite loss,
physical functioning, and pain) in prognostic models in-
creased accuracy of overall survival prognosis by 6% relative
to sociodemographic and clinical characteristics alone [55]. A
recent pooled analysis of 17 RCTs also confirmed appetite
loss to be a significant independent prognostic factor in pa-
tients with cancer [56]. In addition to poor appetite, NIS such
as nausea may also decrease energy intake and further exac-
erbate the catabolic processes associated with cachexia [57].
Indeed, NIS are independently prognostic of survival in pa-
tients with cancer [58].

Combining cachexia domains and other factors Preliminary
studies incorporating anorexia, markers of inflammation, and
weight loss failed to distinguish between stages of cancer ca-
chexia based on survival [59, 60]. More recent studies have
developed cachexia staging scores which correlate with
Eastern Cooperative Oncology Group (ECOG) PS [61], as
well as discriminate between stages of cachexia and predict
survival [62]. Sample sizes of these studies were relatively
small, however, and larger studies are needed to develop a
more robust prognostic model that combines the various ca-
chexia domains with other biomarkers such as lymphocyte
count, albumin, or CRP [63, 64].

Predictive models of treatment toxicity

General principles The ability to predict toxicity of therapy in
patients with advanced cancer is vital for appropriate treat-
ment selection. Toxicity prediction is dependent on
treatment-related factors as well as general patient character-
istics such as age, genetics, and metabolism. In many settings,
PS is predictive of chemotherapy-related toxicity [65], and
treatments are generally avoided in patients with poor PS.
However, high-level evidence of the utility of PS to predict
treatment-related toxicity from newer regimens is lacking,
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partly because PS-based subgroup analysis for toxicity is gen-
erally not reported [66].

Geriatric oncology setting A large proportion of patients with
cancer are over age 65 and have multiple comorbidities.
Geriatric assessment is recommended for all older adults under
consideration for anticancer therapy [67—69], as assessment en-
ables more nuanced prediction of chemotherapy toxicity [70—
72]. The Cancer and Aging Research Group (CARG) chemo-
therapy toxicity prediction score (Table 2) is more sensitive than
PS and has been studied in patients with a variety of solid
tumors [73,74]. The score is available as an online tool [75],
but its use is limited to patients receiving conventional chemo-
therapy. The Chemotherapy Risk Assessment Scale for High-
Age Patients (CRASH) score is a similar prediction tool that
utilizes geriatric variables in addition to PS and the estimated
risk of hematological toxicity of the individual chemotherapy

regimen [70]. Two recent systematic reviews confirmed the use
of various patient factors for prediction of chemotherapy toxic-
ity [76,77], highlighting the need to consider multiple geriatric
assessment domains when caring for older adults with cancer.

Multi-targeted agents The ability to predict chemotherapy
toxicity has led to the creation of similar algorithms for use
in patients on non-cytotoxic therapy such as epidermal growth
factor receptor, vascular endothelial growth factor receptor,
and proteasome inhibitors [78,79]. The heterogeneous mech-
anisms of action of these agents, combined with additional
factors such as decreased creatinine clearance, PS, age, and
comorbidities make prediction of treatment toxicity difficult,
though a predictive nomogram has been developed [79].

Immunotherapies Unlike conventional cytotoxic chemother-
apy, immunotherapy with checkpoint inhibitors, particularly

Table 2 Prediction model and scoring accuracy for chemotherapy toxicity [70]

Variable Value/response Score
Patient age >72 years
<72 years
Cancer type GI or GU
Other
Planned chemotherapy dose Standard
Reduced

Planned number of chemotherapy drugs
Hemoglobin

Creatinine clearance (Jelliffe, ideal weight)

How is your hearing (with a hearing aid, if needed)?
Number of falls in the past 6 months

Can you take your own medicine?

Does your health limit you in walking one block?

During the past 4 weeks,
how much of the time has your physical
health or emotional problems
interfered with your social activities
(like visiting with friends, and relatives)?

Total CARG risk score
0-3
4-5
6-7
8-9
10-11
12-19

> 1 (polychemotherapy)

1 (monochemotherapy)

<11 g/dL (male); < 10 g/dL (female)
>11 g/dL (male); > 10 g/dL (female)
<34 mL/min

>34 mL/min

Fair, poor, or totally deaf

Excellent or good

>1

None

With some help/unable

Without help

Somewhat limited/limited a lot

Not limited at all

Limited some of the time, most of the time, or all of the time

Limited none of the time or a little of the time

% of patients with grade 3—5 chemotherapy toxicity
25
32
50
54
77
89

O = O O = OW O OW OW O O O ON

Abbreviations: CARG cancer and aging research group, G/ gastrointestinal, GU genitourinary
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programmed cell death protein 1 (PD-1) or PD-1 ligand (PD-
L1) inhibitors, has a relatively low rate of toxicity. However,
patients with established autoimmune diseases such as rheu-
matoid arthritis or psoriasis are more likely to experience ex-
acerbations of these conditions due to immune activation
[80,81]. A recent systematic review found flare of existing
autoimmune disease to be common in patients receiving im-
mune checkpoint inhibitor therapy, but that this flare can typ-
ically be managed without discontinuing therapy [80]. Further
research is needed to identify additional predictors of immu-
notherapy toxicity since these reactions may be severe or fatal
[82].

Prognostication in pediatric oncology

Approximately 1% of all cancer diagnoses are in children,
with leukemia, brain and central nervous system tumors, and
lymphoma the most common cancers of childhood [83]. The
death rate of pediatric cancer has declined over the past four
decades. Over 80% of children diagnosed with cancer before
age 20 now survive at least 5 years [84]. Cancer remains the
second leading cause of death in children, but survival rates
vary widely among cancer types. For example, the 5-year
survival rate for children with Hodgkin lymphoma is over
95%, but median survival of children with diffuse intrinsic
pontine glioma is less than 1 year from the time of diagnosis
[85,83].

Accurate prognostication of survival in children with ad-
vanced malignancies, as well as effective communication of
this prognosis, is paramount as these efforts can ease parental
distress, provide hope, and improve patient quality of life and
advanced care planning (ACP) [86,87]. Similar to adults,
prognosis of children with advanced cancer is often driven
by a combination of disease- and patient-related factors [88].
A number of prognostic studies of childhood cancer have been
conducted, but few have specifically identified prognostic fac-
tors in the advanced disease setting. Reasons for this dearth of
research may include the relative rarity of pediatric cancer, the
possibility of cure even for some patients with advanced pe-
diatric malignancies, and challenges in assessing symptoms
and patient-reported outcomes in children. As such, objective
measures such as body weight and laboratory values have
traditionally been used for prognostic purposes in this popu-
lation [89, 90]. Pediatric cancer patient databases such as the
Children’s Oncology Group childhood cancer registry
(Project:EveryChild) systematically collect demographic and
epidemiologic information as well as laboratory values and
outcome data regarding treatment effectiveness and survival
[91]. This type of large database of individual patient data may
allow for development of prognostic models for advanced
pediatric malignancies.
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Patient preference for prognostic
communication

What patients want to know Approximately 80% of patients
with advanced cancer want to be informed of their prognosis
[92,93]. In addition to life expectancy, patients often want
information regarding expected treatment outcomes, adverse
effects, and bodily changes in the last weeks to days of life
[94,95]. Caregivers also have a strong desire for information
[96], which, in contrast to the patients’ declining need for
prognostic information, typically increases over the disease
course [97]. Despite the overwhelming majority of both pa-
tients and caregivers expressing a desire to be informed of
their prognosis, physicians must be aware that a small propor-
tion of patients prefer not to know their prognosis. Reasons for
this preference may stem from cultural differences [98] or the
fact that uncertain prognosis may increase patient anxiety [99]
or precipitate treatment or ACP decisions that are contrary to
the patient’s own well-being [100,101].

Timing and means of communication with patients Although
patients with advanced cancer often desire prognostic infor-
mation, many hesitate to ask about it directly and instead
expect clinicians to initiate such a conversation [102]. Some
patients prefer to discuss their prognosis immediately after
diagnosis [103], while others may prefer to wait. Furthermore,
prognosis is a process rather than a single event, and a pa-
tient’s prognosis may change over time based on treatment
response, development of complications, or competing co-
morbidities [2]. Communication techniques such as the six-
step SPIKES [104] or ask-tell-ask approaches [105] help de-
termine the patient’s values, increase patient understanding,
and increase physician confidence in disclosing potentially
distressing information. These flexible techniques facilitate
communication and help ensure patients receive adequate fol-
low-up, including referral to palliative care. Referral to palli-
ative care may further encourage patient-clinician prognostic
discussions and ease subsequent care planning [106].

Communication aids In addition to communication skills
training for healthcare professionals, communication aids
such as question prompt sheets and decision aids may enhance
patient understanding of prognostic information and facilitate
decision-making [107,108]. These aids improve patient-
clinician interaction and encourage conversations related to
prognosis, quality of life, treatment options, ACP, and con-
cerns regarding end-of-life. Importantly, these tools can min-
imize patient anxiety in discussing these topics without signif-
icantly prolonging the duration of clinic visits [107,109,110].
In addition to question prompt sheets and decision aids, pa-
tient understanding of prognostic information may be aug-
mented by discussing typical as well as best-case and worst-
case scenarios [111-113]. However, as there is currently no
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established best practice for communicating prognostic infor-
mation, clinicians should aim to provide as much accurate
information as possible for patients and families desiring
prognostic information.

Future of prognostication

Future prognostic research should address 10 major themes
(Table 3).

1. Enhancing prognostic accuracy Efforts to improve prognos-
tic accuracy should focus on incorporating all relevant data,
including existing variables (e.g., PiPS [28, 29, 33]), novel
prognostic factors (e.g., phase angle [16, 17]), and any signs
of impending death (e.g., Cheyne-Stokes breathing or
drooping of the nasolabial folds [34-37]). Prognostic tools
should utilize appropriate statistical models such as fractional
polynomial modeling [114,115], or alternatively, may be built
by machine learning, which can utilize big data from the elec-
tronic health record (EHR) to build prognostic algorithms
from a vast array of variables. Using a deep neural network
model, Avati et al. were able to predict a 3—12-month survival
with high accuracy (AUC 0.93 overall and 0.87 for admitted
patients) among adult and pediatric patients at two hospitals
[116]. More recently, using data from 216,221 adult patients
admitted to two hospitals, Rajkomar and colleagues also re-
ported that their deep neural network models were able to
predict in-hospital mortality (AUC 0.93-0.94), prolonged
hospitalization (AUC 0.85-0.86), and 30-day readmission
(AUC 0.75-076) [117]. These machine learning algorithms
already appear to outperform more traditional predictive
models and may be further refined with real-time data feed-
back through cognitive learning algorithms. With further val-
idation, such machine learning approaches have the potential
to transform the future of prognostication.

2. Improving reliability and reproducibility Objective vari-
ables such as laboratory values and vital signs should be used
to further improve the reliability and reproducibility of prog-
nostication tools such as the OPPS [25] and six adaptable
prognosis prediction (SAP) models [118]. While widely used
prognostic tools such as PaP, PPI, and PiPS models have ac-
ceptable predictive accuracy [33,119-121], their major limi-
tations include the use of subjective variables such as patient
symptoms or conditions as well as CPS. As subjective vari-
ables could be influenced by evaluators’ experiences and
competence [122,123], use of objective variables is recom-
mended [124,125].

3. Identifying the appropriate prognostic tool for a given

setting As prognostic models are often calibrated for partic-
ular populations, it is essential to identify the tool that best

@ Springer

fits each clinical setting and specific patient’s needs. Doing
so requires understanding the clinical utility of each prog-
nostic tool in regard to balancing sensitivity versus specific-
ity and feasibility versus accuracy. For example, if a rough
estimation of prognosis is needed in daily care of patients
with advanced cancer, or laboratory values are not readily
available (such as in-home hospice or many situations in
low- or middle-income countries), then prognostic tools uti-
lizing easily evaluable variables such as PPI may be suffi-
cient. Conversely, if the most accurate prognostication is
highly desired (e.g., chemotherapy use at the end-of-life),
then prognostic tools with many variables, yet higher accu-
racy, may be more useful [32,33,121].

4, Predicting the risks and benefits of cancer therapies Given
the unique adverse effects often associated with cancer treat-
ments, models that accurately estimate the risk of grade 3 or 4
toxicities could be highly informative for clinical decision-
making. In the era of big data, machine learning algorithms
may allow identification of novel predictive factors beyond
traditional biomarkers.

5. Predicting survival for pediatric populations Additional re-
search is acutely needed to identify key prognostic factors in
advanced pediatric malignancies.

6. Translating knowledge into practice The ability to translate
research knowledge to clinical practice is vital. Better under-
standing of clinicians’ prognostic decision-making process as
well as research regarding how best to educate trainees and
junior faculty in this critical task is essential. Various prognos-
tic models may aid clinicians in predicting patient survival,
but cumbersome calculations or ambiguous interpretation
may limit their clinical utility. The issue of cumbersome cal-
culations may be partially addressed through the use of web-
based tools such as www.predictsurvival.com, which provides
survival prediction based on multiple prognostic scores.
Similarly, confidence in prognostic determination may be
augmented through the use of multiple models, taking the
point of convergence to be indicative of relative confidence
in the prediction. Regarding interpretation of prognostic
information for patients and their families, visual or
graphical formats may facilitate translation of information,
improve patient understanding, and enhance the quality of
patient-clinician interaction [126—128]. However, more exten-
sive validation of web-based prognostic models, as well as
further assessment of the impact of graphical presentation of
prognostic data, is necessary. Furthermore, regardless of
whether CPS or prognostic models are used, and regardless
of the manner in which predictions are shared with the pa-
tient’s family, there is a need to consider the clinical impact
of prognostication on clinical decision-making, patient out-
comes, and cost [129].
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7. Understanding the impact of prognostic uncertainty Death
is a probabilistic event, with increasing likelihood as patients
get sicker and weaker, but by definition, there is always some
degree of uncertainty when predicting the future. Prognostic
accuracy is associated with prognostic confidence, and a more
confident estimate is likely to facilitate prognostic discussions
and care planning [130-132]. More research is needed to ex-
amine the relationship between prognostic accuracy, confi-
dence, and patient-clinician discussions.

8. Communicating prognosis In the era of personalized med-
icine, it is important to tailor the timing and format of prog-
nostic information delivery. Face-to-face discussion may be
augmented by customized printed material from prognostic
websites or the EHR. Some patients may prefer general time
frames (e.g., months, weeks, or days), while others may prefer
probabilistic information. Regardless, communication of
prognostic information should convey explicit information
as well as maintain hope [93,133]. Few studies have explored
the effects of different verbal and nonverbal communication
skills [134,135], but RCTs of actual prognostic disclosure may
not be practical or ethical. Thus, video-vignette randomized
trials may be appropriate [134,136,137]. Such qualitative
studies in patients with advanced cancer would help identify
optimal outputs of prognostication that meet patients’ needs
for information and facilitate ACP.

9. Clarifying outcomes associated with delivery of prognostic
information It is important to link prognostic information to
clinical decision-making, such as treatment selection and
ACP. Prognostic information should be communicated and
interpreted in light of the patient’s and family’s values to en-
sure that decisions are made accordingly [138]. For patients
and families, improving communication and decision-making
in the last days to weeks of life is a high priority [139].
Accordingly, an ongoing Australian ACP study of patients
with advanced cancer is investigating the effects of prognostic
information on whether patients’ end-of-life wishes will be
discussed and met [140]. Future studies should examine how
effective communication of prognostic information may max-
imize patient outcomes and improve end-of-life care.

10. Standardizing prognostic terminology in reporting Much
inconsistency exists in how both authors and readers interpret
commonly used prognostic descriptors such as “terminally
ill,” “end-of-life,” and “end-stage” [141]. Such terms are rare-
ly defined when used, which may contribute to mischaracter-
ization and misinterpretation of study findings [142]. For ex-
ample, among reports of overall survival, median survival was
114 days for “advanced cancer,” 63 days for “end-of-life,”
42 days for “terminally ill,” 25 days for “end-stage,” and
4 days for “dying” [143]. Further complicating the lack of
existing consensus definitions of these prognostic terms is

the frequently inadequate characterization of study subjects
and settings in manuscripts. A review of 742 original articles
in palliative oncology found that 67% did not provide overall
survival, and it was impossible to determine where patients
fell along the disease trajectory in 49% of studies [143]. It is
imperative that future trials avoid this ambiguity, explicitly
define prognostic descriptors, and provide sufficiently de-
tailed descriptions of study subjects and methodology.
International consensus on the definition of these commonly
used terms, as well as standardization of statistical techniques
used to assess accuracy (e.g., AUC, C-index), would facilitate
more ready comparison across studies.

Conclusion

There has been steady progress over the past few decades to
improve the science and art of prognostication. Moving for-
ward, our panel has outlined 10 fertile areas for further re-
search. Given the number and diverse nature of important
unanswered questions, the development of an international
consortium on prognostication in advanced cancer would
greatly augment data collection and further research collabo-
ration in this area.
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