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Essentials

e Clinical prediction rules (CPRs) can stratify patients
with pulmonary embolism (PE) and cancer.

¢ A meta-analysis was done to assess prognostic accuracy
in CPRs for mortality in these patients.

» Eight studies evaluating ten CPRs were included in this
study.

¢ CPRs should continue to be used with other patient
factors for mortality risk stratification.

Summary. Background: Cancer treatment is commonly
complicated by pulmonary embolism (PE), which remains
a leading cause of morbidity and mortality in these
patients. Some guidelines recommend the use of clinical
prediction rules (CPRs) to help clinicians identify patients
at low risk of mortality and therefore guide care. Objec-
tive: To determine and compare the accuracy of available
CPRs for identifying cancer patients with PE at low risk
of mortality. Methods.: A literature search of Medline and
Scopus (January 2000 to August 2017) was performed.
Studies deriving/validating > 1 CPR for early post-PE all-
cause mortality were included. A bivariate, random-
effects model was used to pool sensitivity and specificity
estimates for each CPR. Traditional random-effects meta-
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analysis was performed to estimate the weighted propor-
tion of patients deemed at low risk of early mortality,
mortality in low risk patients and odds ratios for death
compared with higher-risk patients. Results: Eight studies
evaluating 10 CPRs were included. The highest sensitivi-
ties were observed with Hestia (98.1%, 95% confidence
interval [CI] = 75.6-99.9%) and the EPIPHANY index
(97.4%, 95% CI = 93.2-99.0%); sensitivities of remaining
rules ranged from 59.9 to 96.6%. Of the six CPRs with
sensitivities > 95%, none had specificities > 33%. Ran-
dom-effects meta-analysis suggested that 6.6-51.6% of
cancer patients with PE were at low risk of mortality, 0-
14.3% of low-risk patients died and low-risk patients had
a 43-94% lower odds of death compared with those at
higher risk. Conclusions: Because of the limited total
body of evidence regarding CPRs, their results, in con-
junction with other pertinent patient-specific clinical fac-
tors, should continue to be wused in identifying
appropriate management for PE in patients with cancer.

Keywords: decision support techniques; mortality; neoplasms;
pulmonary embolism; risk assessment.

Introduction

Pulmonary embolism (PE) is a common occurrence,
affecting 66 per 100 000 adults annually in the USA [1].
Patients with cancer, especially those on chemotherapy,
are at a higher risk of an event than the general popula-
tion as a result of patient-, cancer- and treatment-related
factors [2,3]. Thrombotic events in cancer patients also
confer a poor prognosis [4] and in ambulatory patients
receiving cancer chemotherapy represent the second lead-
ing cause of death [5]. Given the hypercoagulable state of
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patients with cancer, applying venous thromboembolism
(VTE)-related care recommendations for a general (i.e.
non-cancer) population to those with malignancy may be
inappropriate. Therefore, there is a need for cancer-speci-
fic VTE guidelines, resources and data [3,6]. This need
has resulted in the creation of cancer-specific VTE-related
tools such as the Khorana score, which predicts the risk
of VTE in solid tumor and lymphoma patients initiating
chemotherapy [7]. Although extensive work has been car-
ried out in evaluating the VTE risk of patients with can-
cer [3,6,8], there is a paucity of data on the
prognostication of adverse outcomes when these patients
do experience an event.

Patients with cancer and PE are at an increased risk of
early all-cause mortality and adverse outcomes [4,9-12].
Accurate identification of patients at low and higher risk
of these outcomes, such as post-PE mortality, can assist
in providing more appropriate levels of care tailored to
the patient, particularly the safe administration of gener-
ally more affordable outpatient care. Some guidelines rec-
ommend the use of clinical prediction rules (CPRs) to
help in this identification and recommend that patients
with low risk of PE and adequate home circumstances be
considered for home or early discharge treatment [3,13].
Less intensive care for low-risk patients can decrease the
undue use of healthcare resources while still providing
high-value care. Alternatively, patients at higher risk of
adverse outcomes may receive more intensive care as
appropriate. Many generic (i.e. non-cancer-specific) CPRs
include cancer as a variable [14—-17] and may inappropri-
ately suggest the need for higher levels of treatment. Cur-
rently, no single CPR has been shown to be superior in
stratifying patients with cancer who develop a PE. Thus,
a systematic review and bivariate meta-analysis was per-
formed to (i) identify CPRs for early post-PE all-cause
mortality derived from and/or validated in patients with
cancer, (i) assess the prognostic accuracy of such CPRs
and (iii) determine the proportion of low- and higher-risk
patients as defined by the CPRs and the relative odds of
early mortality for these patients.

Methods

Study identification and selection

A computerized search of Medline and Scopus biblio-
graphic databases from January 2000 through August
2017 was conducted. Following the approach of previous
reviews [14], our search dates were limited to favor the
selection of studies using modern diagnostic and treat-
ment practices for PE and cancer. The systematic search
utilized previously validated search filters for prognostic
studies [18] and incorporated Medical Subject Heading
(MeSH) terms and key words relating to PE and cancer.
The Medline search strategy is provided in Data Sl1.
Additionally, reference lists from identified studies were

reviewed to ensure that the search was inclusive of all rel-
evant literature.

Titles and abstracts were independently screened by
two investigators, with discrepancies resolved by discus-
sion or a third investigator. Articles demonstrating possi-
ble relevance to this study were then reviewed by two
independent investigators for inclusion, with disagree-
ments resolved by discussion. In order to have been
included in this analysis, studies must have (i) evaluated
patients experiencing a PE with cancer, (ii) been a prog-
nostic study deriving and/or validating at least one CPR
consisting of a combination of multiple prognostic factors
for early post-PE all-cause mortality, (iii) provided data
on early all-cause mortality over at least the index PE
hospital admission but not longer than 90 days and (iv)
be a full-text article published in English.

Data extraction

Data were extracted by two independent investigators
using a standardized tool. Results were compared and
discrepancies were resolved by discussion. Data were col-
lected on: author and year of publication; geographic
location; patient population characteristics (i.e. age, treat-
ment, metastasis status, concurrent deep vein thrombosis
and incidental PE); sample size; study timing (retrospec-
tive, prospective or both); enrollment dates and inclusion/
exclusion criteria; sampling technique (e.g. consecutive,
convenience sample or random selection); PE diagnosis
criteria (e.g. clinical signs and symptoms, diagnostic
scans, medical records, billing codes, etc.); definition of
cancer; hemodynamic status of patients at admission
(stable or unstable, or both); method of mortality deter-
mination; CPR and methods of scoring; and patient
2 x 2 data needed to calculate sensitivity, specificity and
other accuracy statistics relating to CPR prognostication.
If all-cause mortality data were reported at various time-
points, 30-day mortality data were preferentially used in
this analysis.

Validity assessment

To assess validity, two independent investigators scored
each study, with disagreements resolved by discussion. An
adapted Quality Assessment of Diagnostic Accuracy
Studies-2 (QUADAS-2) tool, outlined by Whiting and
colleagues [19], which assesses bias and applicability over
multiple domains (patient selection, index test [clinical
prediction rule], reference standard [mortality], and flow
and timing), was used. Using this tool, a score of low,
high or unclear risk of bias or concern regarding applica-
bility was determined for each patient group/CPR analy-
sis. McGinn and colleagues’ Hierarchy of Evidence for
Clinical Decision Rules was used to classify the overall
body of evidence for each CPR in patients with PE and
cancer. CPRs were assigned to one of four categories
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(level 1, at least one prospective validation in a different
population and one impact analysis, demonstrating
change in clinician behavior with beneficial consequences;
level 2, demonstrated accuracy in either one large
prospective study including a broad spectrum of patients
and clinicians or validated in several smaller settings that
differ from one another; level 3, validated in only one
narrow prospective sample; level 4, derived but not vali-
dated or validated only in split samples, large retrospec-
tive databases, or by statistical techniques) [20].

Statistical analysis

The primary endpoint was sensitivity because it was
assumed that clinicians would most prefer to minimize
false negatives (i.e. minimize early all-cause mortality in
patients with PE who may have been in need of more
intensive care and thus possibly prevent death). A bivari-
ate statistical model was used to retain the two-dimen-
sional nature of study data [21-23]. Bivariate summary
sensitivity, specificity and diagnostic odds ratios (DOR)
are reported with accompanying 95% confidence intervals
(CI) and area under-the-curve (AUC) estimates. The
DOR (calculated as [true positive/false negative] divided
by [false positive/true negative]) is a single measure of test
performance, with higher values indicating greater accu-
racy [24].

A random-effects meta-analysis was also performed for
each CPR. The percentage of patients deemed to be low
risk from each CPR analysis, mortality in such low-risk
patients and derived weighted summary proportions and
95% ClIs were estimated. In addition, summary odds
ratios (ORs) for death with accompanying 95% CIs were
calculated by determining the proportion of patients with
early mortality in low- and higher-risk groups; the higher-
risk group was used as the referent group.

Statistical heterogeneity was assessed with the I° statis-
tic, with values > 50% deemed as high. Publication bias
was assessed through visual inspection of asymmetry of
funnel plots, with standard error and log of the DOR
plotted on the vertical and horizontal axes, respectively,
and Egger’s weighted regression statistic (a P-value < 0.05
was considered statistically significant) [25]; tests for pub-
lication bias were performed in all CPRs with > 3 evalu-
able patient groups.

Lastly, a sensitivity analysis was conducted, excluding
studies with alternative (i.e., differing from investigator
derived or commonly used) cut-off values for defining
low- and higher-risk patients. Such alternative cut-off val-
ues can cause only very low-risk patients or, conversely,
those with higher risks, to be classified as low-risk
patients.

Bivariate meta-analysis was completed in R version
3.3.3 (The R Foundation for Statistical Computing) with
the mada (Meta-Analysis of Diagnostic Accuracy) pack-
age [26]. Traditional meta-analysis and assessment of
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heterogeneity and bias were completed in StatsDirect ver-
sion 2.8.0 (StatsDirect Ltd, Altrincham, UK). This manu-
script was written in accordance with the ‘Preferred
Reporting Items for Systematic Reviews and Meta-Ana-
lyses’ (PRISMA) statement [27]; no separate review pro-
tocol is available and complete methods are detailed in
this manuscript.

Results

Study characteristics

Our literature search yielded 1104 non-duplicate citations,
with 109 full-text articles assessed for eligibility (Fig. 1).
Eight studies evaluating 10 CPRs in 3974 (range 124 to
1075) unique patients reported mortality data in low- and
higher-risk PE patients with cancer and were included in
our meta-analysis (Table 1) [28-34; E.R. Weeda, unpub-
lished data]. Low-risk criteria for included CPRs can be
found in Data S2. The Registro Informatizado de la
Enfermedad TromboEmbdlica (RIETE), Pulmonary
Embolism Severity Index (PESI) and POMPE-C rules
were evaluated most frequently, in six, four and four
patient groups, respectively; evaluations of each of these
CPRs included one study with an alternative cut-off value
for distinguishing low- and higher-risk patients [32,33].
The Geneva Prognostic Score (GPS) was used in three
patient groups; a clinical decision rule developed by Car-
mona-Bayonas et al., criteria by Font and colleagues, and
both modified PESI and simplified PESI (sPESI) rules
were evaluated in two patient groups each; the Registro
de Embolia Pulmonar en Pacientes con Neoplasias (EPI-
PHANY) index and Hestia score were used in one patient
group each. In both the modified PESI and modified
sPESI rules, investigators replaced the ‘cancer’ variable
with a more specific requirement for ‘metastatic’ disease
[29,31].

Included studies were published within the last 5 years
(2012 to 2017) and enrolled patients from 2001 to 2015.
Of the 10 patient group/CPR analyses, half were retro-
spective and half utilized both retrospective and prospec-
tive study designs; all used a consecutive sampling
technique. Three patient group/CPR analyses contained
international populations; the USA was included in a
total of five analyses, France and Spain in three each and
Korea and the Netherlands in one each. Mean/median
patient age ranged from 59 to 71 years. All analyses
required objective PE confirmation, whereas determina-
tion of cancer and mortality status varied. No studies
specified inclusion/exclusion criteria related to hemody-
namic stability and therefore enrolled both stable and
unstable patients at admission. The majority of included
patients were receiving chemotherapy and/or radiotherapy
(50-75% of patients), and metastatic disease was
observed in 49% to 74% of patients. Only three analyses
reported data on concurrent deep vein thrombosis and
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Records identified through
Medline (n=912)
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database searching
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Additional records identified
through other sources (n = 4)

Records after duplicates removed
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Records screened
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Not a study conducted in humans (n = 358)
Not evaluating patients with acute PE (n = 254)

A 4
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Not evaluating a clinical prediction rule (n = 380)
Not evaluating early all-cause mortality (n = 3)
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Not a study conducted in humans (n = 10)
Not evaluating patients with acute PE (n = 2)

Studies included in qualitative sythesis
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Fig. 1. PRISMA flow diagram.

incidental PE rates, which occurred in 28% to 50% and
7% to 54% of patients, respectively; however, five analy-
ses included only symptomatic patients.

Using the QUADAS-2 tool, all studies were deemed to
have a low risk of bias for patient selection and flow and
timing (Fig. 2). Only the analyses carried out by Weeda
et al. had a low risk of bias across all four domains; all
other studies had either unclear or high bias for the index
test and reference standard domains (Table S1). Applica-
bility concerns were low across all studies and domains.
Of the 10 unique CPRs, only POMPE-C and RIETE
were categorized as McGinn level 3, whereas all other
rules were categorized as McGinn level 4.

Data synthesis

All studies reported 30-day mortality data and the
reported measures of prognostic test accuracy for all 27
patient group/CPR analyses are available in Table 2. The
results of our bivariate and traditional meta-analysis are
summarized in Table 3. Hestia and the EPIPHANY index
displayed the highest sensitivities (98.1%, 95%
CI = 75.6% to 99.9%; and 97.4%, 95% CI =93.2% to

Not evaluating patients with active cancer (n = 60)
Not evaluating a clinical prediction rule (n = 26)
Not evaluating early all-cause mortality (n = 0)
Non-English (n = 3)

99.0%, respectively); however, only one study was
included in both of these analyses. Summary sensitivity
values > 95% were seen with the clinical decision rule by
Carmona-Bayonas et al. (96.6%, 95% CI =62.2% to
99.8%), POMPE-C (95.6%, 95% CI = 89.3% to 98.2%),
PESI (95.4%, 95% CI = 87.0% to 98.5%) and the modi-
fied SPESI (95.0%, 95% CI = 84.8% to 98.5%); the other
tools (Font, RIETE and modified PESI) displayed sensi-
tivities between 87.8% and 93.8%, except for the GPS,
which had the lowest sensitivity of 59.9% (95%
CI =49.2% to 69.7%). Statistical heterogeneity as mea-
sured by the I? statistic was <50% for all CPRs with the
exception of RIETE (I2 = 82.1%). Of the six CPRs with
sensitivities > 95%, all had specificities < 32.6%.
Although the GPS and criteria by Font and colleagues
displayed the lowest sensitivities, they had the highest
specificities (53.6%, 95% CI =43.4% to 63.4%; and
48.9%, 95% CI = 42.3% to 55.4%, respectively). Statisti-
cal heterogeneity in specificity was low (< 50%) for most
CPRs, except for the GPS (> =78.3%) and PESI,
POMPE-C and RIETE (F* > 93.8% for all). Publication
bias was deemed to be low for the PESI, POMPE-C and
RIETE rules, as assessed through visual inspection of
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g & = 5%% g B g funnel plots and Egger’s weighted regression statistic
2 T <Z: SE-E 2 =i P-values (P > 0.37 for all); we were unable to assess pub-
§ “§ & g;ﬁ g é : E’ i lication bias with the other CPRs due to the small num-
S Eg8 22438 ber of studies.
é E —Lgé E 3 §§ é é = The sensitivity analysis excluding studies that contained
LR - % o S g = alternative cut-offs was conducted in the PESI, POMPE-
. a8 58 % £ Ez 2 C and RIETE tools (Table 4). The study excluded in the
E 5 .| %S¢ Eu’j 2 g * 9 % PESI analysis used a more restrictive cut-off for low-risk
§ ) % - o g % $ =& % S patients [34], whereas the study excluded in the POMPE-
i g g -2 E S 05 E': i;) :?J o %U; C and RIETE analyses allowed for more patients to be
g . § % ;é B 4 i* 27 ;n.g g included in the lower-risk groups [32]. These exclusions
S| 2% 8| O 2 g 22% G resulted in sensitivity remaining the same, decreasing and
% g 3 2% 2 2 bé increasing in PESI, POMPE-C and RIETE, respectively;
(29‘3 g £8 ;a _ug g3 specificity increased in PESI and POMPE-C and
5 é .§§ %é Wi \é' de;reased in RI:ETE.f e o ] -
£ ZEL SE538= ummary values from the traditional random-effects
% gé L;é é E E —o“—; meta-analysis of the proportion of low-risk patients for
2 e £ % g % § gﬁéi early mortality ranged from 6.6% with PESI to 51.6%
o LSESEEZSE with the GPS; excluding the CPRs with sensitivities
z 3 ; QD-L 25 8"; E e < 90% (i.e. GPS and the criteria by Font and colleagues),
= g = [; %?Z) § B ? ; 4 8 the upper end of this range decreased to 29.3% (Table 3).
E| £ |REh EEoE% I’ values were >50% in the GPS, PESI, POMPE-C and
ilE22 |E5E22,85: RIETE analyses (I* = 59.8%, 95.2%, 94.3% and 95.1%,
g % gu éi SDU:S § 22 Z f% respectively). Odds of death in patients deemed at low
gl 8=7 =38 g_é 5283z risk ranged from 6% with the EPIPHANY index and
P :;O gr-g % 3‘;‘ 5 % Hestia to 57% with the GPS. Statistical heterogeneity for
E ) g gﬁ 2 g _E .goé g;, ; the OR for jeath wellas lozw (245;)://10 inda1618C31:/Rs except
< g ESEEZERESE the GPS and RIETE (I° = 64.3% an 3%, respec-
A SEFESSEE g
= 5 ] 2 zZE8Ea 05358
£E5| g %% gié %3 o ﬁ, o Discussion
‘A > o RIS
S.g gf ;‘E ;3;?2: The systematic review and meta-analysis reported here
E go.“ s f:.; ‘Z —qsi §‘~5 identified eight studies including a total of 10 CPRs eval-
s 8 g g'g ]3 o2 QE) 55 uating early post-PE all-cause mortality in patients with
g g98% Eg =3 5 cancer; 27 individual patient group/CPR analyses are
%3¢ s é EE 2 25 45 reported. Upon bivariate meta-analysis, six CPRs had
) T4 2= é s _E E 2 sensitivities > 95% (Hestia, EPIPHANY index, Carmona-
:% [L_) % ng § 2 Eﬁ 2 %“ 2 Bayonas clinical decision rule, POMPE-C, PESI and
f ;E:? 5 E g ‘qg": i 5 modified sPESI) and eight haFl sensitivities > 93% (Wlth
|z £2 3 Iz R addition of RIETE and modified PESI to the previous
E g § é” § EE ég Z,'s E list). High sensitivity indicates that most of the included
S| & Sg°% § s 3: CPRs were able to stratify correctly patients who experi-
25| BE2y E g %ﬂ ;;‘ s enced early death. However, the CPRs displayed speci-
S| & 2 g <Zf 3 & z o = ficity ranging from 6.0% to 53.6%, indicating a relatively
e 5 sy %g g 2 _EE lower ability to stratify correctly those who lived.
g E55E &g 'é 2 B Although a perfect clinical prediction rule would be both
3 3 i E24 o S £ 5 100% sensitive and specific, there is an inherent trade-off
g & E é § ¥ é g % %): between the two measures. As evident in the decision to
_ g 5 §s7 E % E & a:; g select sensitivity as the primary .en(.lpomt, high .sensmwty
"Qs:) ) § Sy = Z1LE 2 may be preferable to high specificity because it may be
g £ “EES g g3 5 g more harmful to undertreat (i.e. recommend outpatient or
5 ~ :i; g g3 &; gg <& early discharge care) patients whq are i}l nf:ed of more
= - fg ) T? 2 520 g ; g E’o intensive care. With th.at' said, spemﬁm_ty is still an impor-
_ié z = Té ! ﬁgﬁ §D gé % 2z %ﬂ -§ é tant measure, as providing patl.ents with unQue exposure
=l gz &~ O .EmMS 835 <a to the healthcare system has its own ramifications. In
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Fig. 2. QUADAS-2 risk of bias results. Low, dots; high, black; unclear, diagonal lines.

some scenarios, a higher specificity should be given more
importance even at the expense of sensitivity. Lastly, the
random-effects meta-analysis showed that CPRs classified
6.6% to 51.6% of patients as low risk and 0% to 14.3%
of these patients experienced mortality; patients catego-
rized as low risk had between 43% and 94% lower odds
of death versus their higher-risk counterparts, depending
on the CPR used.

Of the 10 CPRs included in the meta-analysis, Hestia
and the EPIPHANY index displayed the highest sensitivi-
ties; although this is worth acknowledging, it must also
be considered in combination with other factors in the
usability of the CPRs. Both tools were deemed to be of
McGinn level 4 (i.e. rules that need further evaluation
before they can be applied clinically) given that they were
only evaluated in one analysis each. It is of importance
that all of the included CPRs, with the exception of
POMPE-C and RIETE, were given the McGinn level 4
designation. Along with evidence supporting CPRs, prac-
ticality of implementation in clinical practice is another
important consideration. Extensive rules may not be
easily applicable in a general busy practice. The EPI-
PHANY index is a multi-step decision tree [28], which
may make it more difficult to use, as clinicians have dis-
played low recall for specific elements of CPRs [35].
Nonetheless, its creators note that five of its six variables
(Eastern Cooperative Oncology Group-Performance Sta-
tus [ECOG-PS], tumor response assessment, previous
tumor resection, oxygen saturation and the presence of
PE-specific symptoms) can be assessed at the patient’s
bedside. The authors chose to pursue a decision tree
model to imitate real-world decision-making [28]. CPR
pragmatism must also be balanced with validity. For
example, POMPE-C consists of an equation with five
dichotomous and three continuous variable inputs [34].

© 2017 International Society on Thrombosis and Haemostasis

When investigators trialed dichotomizing all variables,
precision and accuracy decreased. POMPE-C is available
as a web-based platform, which may negate potential dif-
ficulties in its formulaic nature given the availability of
electronic medical applications [36].

In the study reported here, the performance of tools
prognosticating early all-cause mortality in patients expe-
riencing a PE with cancer was evaluated. Of the CPRs
included in the analysis, only the POMPE-C and RIETE
tools were created for this specific endpoint in a cancer
population, whereas the other CPRs were not
[15,17,28,31-34,37]. For example, the EPIPHANY index
was derived to classify 15-day risk of serious complica-
tions (i.e. events that lead to serious clinical deterioration
or death), although its use was intended for patients with
cancer [28]. Likewise, the criteria established by Car-
mona-Bayonas ef al. and Font et al. represent exclusion
criteria for home treatment [31,32]. The GPS, Hestia and
PESI CPRs represent non-cancer-specific (i.e. generic)
tools that have been applied to populations with malig-
nancy in the studies included in our analysis.

Differences in the performance of generic CPRs when
applied to a general population versus those with cancer
accentuate the need for cancer-specific data. This can be
seen through comparison of our results with a similar
meta-analysis conducted by Kohn and colleagues, which
also evaluated the performance of CPRs for early post-
PE all-cause mortality in a non-cancer-specific popula-
tion; malignancy was observed in 5% to 42% of their
included patients [14]. Their analysis of GPS, Hestia and
PESI included six (n = 1863 patients), one (n = 496) and
16 (n =20 600) studies, respectively. These tools all dis-
played lower sensitivities of 41%, 82% and 89%, respec-
tively, and higher specificities of 85%, 56% and 48%,
respectively, compared with our results. Both the GPS
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Geneva Prognostic Score; N, sample size; OR, odds ratio; PESI, Pulmonary Embolism Severity Index; RIETE, Registro Informatizado de la Enfermedad TromboEmbdlica; sPESI, simplified

Pulmonary Embolism Severity Index. *Pooled using a random-effects approach. tHigher risk used as referent group. £12 > 50%.
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Table 4 Results of sensitivity analysis excluding studies with alterna-
tive cut-offs for 30-day mortality

Clinical prediction rule
(N = patient groups;
patients)

Sensitivity, %
(95% CI)

Specificity, %
(95% CI)

PESI* (N = 3; 492)
POMPE-C# (N = 3; 891)
RIETE} (N = 5; 2526)

95.4 (86.5-98.5)
94.9 (86.8-98.1)
96.2 (93.9-97.7)

10.2 (5.3-18.8)
25.8 (12.4-46.1)
30.0 (21.5-40.1)

CI, confidence interval; N, sample size; PESI, Pulmonary Embolism
Severity Index; RIETE, Registro Informatizado de la Enfermedad
TromboEmbodlica; sPESI, simplified Pulmonary Embolism Severity
Index. *Excluded analysis by Kline ef al. (derivation), which used a
cut-off of class < 2 to categorize patients as low risk, compared with
class < 2 in other studies assessing PESI. TExcluded analysis by Font
et al., which used a cut-off of < 10% to categorize patients as low
risk, compared with < 5% in other studies assessing POMPE-C.
iExcluded analysis by Font ez al., which used a cut-off of < 5 points
to categorize patients as low or intermediate risk, compared with < 2
points (for low risk only) in other studies assessing RIETE.

and PESI include cancer as a variable, so in patient
groups composed entirely of those with malignancy, as
seen in our included studies, one would expect more
patients to be stratified as higher risk and therefore a
higher sensitivity. However, this comes to the decrement
of specificity, where our values were 31%, 33% and 42%
lower than those seen in an all-comer PE population for
GPS, Hestia and PESI, respectively [14]. Although we
have already stressed the importance of high sensitivity,
the impact of lower specificity needs to be given adequate
consideration, especially as such results may prompt
unnecessary hospitalization for these patients with cancer
who are already facing high economic and quality-of-life
burdens [38,39].

Accurate prognostic stratification of PE patients with
cancer can assist in determining appropriate sites of care
(i.e. inpatient versus outpatient treatment), especially as
previous studies have shown that these patients can be
effectively treated without a hospital admission [32,40].
Font and colleagues prospectively applied their exclusion
criteria (included in this present study) to 138 patients
(45% treated at home and 55% admitted to the hospital);
there were no readmissions for PE complications in all
patients selected for home treatment [32]. Similarly, Sira-
gusa et al. prospectively evaluated 68 patients with PE
and cancer for home or in-hospital care; those with poor
clinical conditions related to concomitant medical disor-
ders, illness that independently required hospitalization,
poor compliance, high risk of bleeding or active bleeding,
renal insufficiency, acute anemia or pain requiring par-
enteral narcotics were selected for hospital admission [40].
Between the 53% and 47% of home- and hospital-treated
patients, respectively, there were no significant differences
(P >0.05) in recurrent VTE, bleeding or death at 6
months of follow-up.

The meta-analysis presented here has several limita-
tions worth noting. Firstly, we only included CPRs



290 E. Nguyen et al

evaluating early post-PE all-cause mortality. Although
mortality is an important outcome of interest, other
investigators have argued that serious complications
within 15 days deserve attention given that such compli-
cations can cause patients to be reclassified as higher
risk [28]. Although we agree with this consideration, we
chose to focus on all-cause mortality given its impor-
tance and the relatively increased amount of available
data for this outcome. Secondly, only limited sensitivity
analyses could be performed given the number of identi-
fied patient/CPR groups. As a result, the performance of
CPRs by population characteristics such as PE presenta-
tion (i.e. symptomatic vs. incidental) could not be evalu-
ated, which may possibly have important ramifications
for early mortality. Likewise, studies with varying inclu-
sion criteria were pooled. However, the analyses suggest
low heterogeneity in most patient groups/CPR analyses.
Next, all of our included studies were retrospective or
had retrospective components, which can introduce bias
as a result of study design. Such biases may include
selection bias, lack of available/recorded data and loss
to follow-up. This was given appropriate consideration
through our risk of bias assessment as well as our classi-
fication of the overall body of evidence using the hierar-
chy established by McGinn and colleagues [19,20].
Therefore, we did not rank any CPR higher than a
McGinn level 3. Lastly, the systematic review was lim-
ited to English-language articles. Analyses have sug-
gested that ‘language bias’ resulting from the exclusion
of non-English-language studies has been shown to have
a minimal effect on summary treatment estimates in
meta-analyses [41,42]. In addition, the probability of
publication bias was deemed to be low for all analyses
in our meta-analysis, as suggested by Eggers weighted
regression statistics.

In treating patients with cancer experiencing a PE,
researchers and clinicians must derive and seek out can-
cer-specific data given the unique circumstances of this
population. Several CPRs for prognosticating early post-
PE all-cause mortality in these patients have been
evaluated, but their pooled performance and the totality
of evidence suggest that further research is needed. There-
fore, the results of CPRs as well as other patient-specific
clinical factors should continue to be used in identifying
patients suitable for outpatient care until such data are
available.
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