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Abstract

Background: To date, early cancer detection is considered vital to re-
duce the global cancer burden through low-cost, but accurate screening
modalities. The anatomical positioning of prostate cancer (PCa) created
a potentially distinctive diagnostic method through the identification of
volatile organic compounds (VOCs) in urine, which might be detect-
able not by humans but by canine species. This review aimed to capture
the potential of the medical detection canine (MDC) to detect PCa by
providing its diagnostic accuracy estimation on urine odor testing.

Methods: Databases, e.g., MEDLINE, Cochrane, ScienceDirect, and
ProQuest, were searched to identify the studies. We focused on ac-
cessible original research, comparing the diagnostic utility of trained
female MDC and histopathology examination as the gold standard for
PCa diagnosis. The statistical analysis was performed in Meta-DiSc
1.4 and presented in diagnostic values, i.e., sensitivity (Sn), specific-
ity (Sp), positive or negative likelihood ratio (LR+ or LR-), diagnostic
odd ratio (DOR), and area under the curve (AUC) value, to conclude
the Sn-Sp in a single outcome.

Results: Female German Shepherds were the most commonly uti-
lized MDC from the five studies included in the final analysis. We es-
timate the pooled diagnostic value of eight different MDCs, with the
findings as follows: Sn (0.95 (0.94 - 0.97)), Sp (0.92 (0.90 - 0.93)),
LR+ (4.48 (1.90 - 10.58)), LR- (0.12 (0.01 - 1.42)), DOR (35.39 (2.90
-432.53)), and an AUC value of 0.9232.

Manuscript submitted June 8, 2023, accepted July 29, 2023
Published online September 20, 2023

#Department of Urology, Universitas Sumatera Utara Hospital, Universitas
Sumatera Utara, Medan, Indonesia

®Division of Urology, Department of Surgery, Faculty of Medicine, Univer-
sitas Sumatera Utara-Haji Adam Malik General Hospital, Medan, Indonesia
“Department of Surgery, Faculty of Medicine, Universitas Sumatera Utara,
Medan, Indonesia

dDepartment of Nutrition, Faculty of Medicine, Universitas Sumatera Utara,
Medan, Indonesia

¢Corresponding Author: Syah Mirsya Warli, Department of Urology, Univer-
sitas Sumatera Utara Hospital, Universitas Sumatera Utara, Medan, Indonesia.
Email: warli@usu.ac.id

doi: https://doi.org/10.14740/wjon1635

Conclusions: MDC’s olfaction ability holds considerable potential
on its diagnostic accuracies to distinguish the urine of PCa individuals
by identifying its volatilome property.
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Introduction

Canine’s olfaction had worked wonders to assist humanity
since its first domestication phase in pre-historic age, thus it is
often regarded as the symbol of peak olfaction ability among
mammals. Canine species had access to identify certain odors
or smell by detecting the chemical signals, which are mostly
described as volatile compounds. Moreover, canine is trainable
and its behavior or reaction toward an object can be observed,
even more apparent through specialized training program.
Therefore, understanding the canine’s feedback is practically
attainable for at least, several millennia, even among the sim-
plest form of human society with its hunter-gatherer lifestyle;
but at the moment, the potential is limitless, its olfaction abil-
ity might even alter the course of future of diseases’ preven-
tion in modern science since it aimed to offer straightforward
discrimination, which will be elaborated further [1, 2]. Basic
understanding of canine’s olfactory system is that it consisted
of several receptors to perceive scent molecules, but these re-
ceptors may build a unique cross-reactions of patterns thus
narrowing its perception on specific odor [3].

All carbon-based life forms secrete organic excretion,
which is often defined as a major characteristic in fulfilling
the “living” states of an organism. Volatilome, combination of
volatile organic compounds (VOCs) of an organism, and me-
tabolism- or pathologic-reflecting VOCs is uniquely olfactible,
especially by canine; even though its scent from bodily fluid
is unrecognizable by human [3, 4]. Canine may have evolved
to fully utilize its sniffing ability, i.e., a voluntary, explicit,
and effortful behavior to assimilate the odor into its neural or
learning function. It codes and allows the canine to accurately
discriminate specific odor since its physiologic function is de-
signed as “one-way” airflow dynamic via active sniffing, thus
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incorporating the ability through training is mandatory before
the canine can be considered eligible to human assistance role
[1,3,5].

The first recorded evidence of medical detection canine
(MDC) was reported back in 1989, when Williams et al ex-
cised a malignant melanoma (MM) after the patient (a 44-year-
old woman) became aware when her canine (a female Border
Collie-Doberman crossbreed) constantly sniffed at a particular
skin lesion on the left thigh for several months. The canine also
showed interest to her worn trousers but left with no interest
at all to her other moles [6]. Another report by Church et al in
2001 also attempted this hypothesis with a male Schnauzers
to discriminate in vitro samples of MM, which after several
courses of training was able to confirm an early-developed le-
sion [7]. These findings erupted a theory of cancerous-VOC,
which can be detected on the lesion or within the lesion-excret-
ed fluid as the byproduct of pathologic tissues’ metabolism. By
applying this premise, detecting malignant changes of visceral
organ is possible if the VOC is contained within detectable
range in blood, or urine if the objective is discriminating geni-
tourinary cancer [8, 9].

Current research progress in detecting early malignant
changes has led to an objective to develop cheaper, widely
available, easy-to-access modality, yet possessing consider-
able prowess of diagnostic accuracy. In prostate cancer (PCa),
pioneering a liquid-biopsy method of malignant diagnosis is
being highly prioritized through urine-based screening or ini-
tial workup to conduct further histology confirmation. Better
understanding of the recognized VOC will also accelerate the
molecular characterization of PCa’s excreted product, bypass-
ing the requirement to conduct continuous canine training to-
ward artificial “nose” development [10, 11]. Therefore, this
study was aimed to establish an elaborative prospect of MDC
in identifying urine samples from PCa patients by systematic-
review and meta-analysis approach.

Materials and Methods

Study design and protocol registration

The following inclusion criteria were applied to homogenize
our study selection: 1) observational-diagnostic studies which
evaluated the olfaction’s ability of canine family or dog in
general by every possible breed without further restriction on
its gender; 2) reported the training phase method, details, and
status of respective canines thoroughly; and 3) evaluating the
urine samples only from individuals with PCa for the “patho-
logic” arm, thus studies with synthetically prepared sample
to mimic PCa (even for the canine’s training phase) were ex-
cluded. Moreover, the “normal” control arm was also limited
to otherwise healthy individuals or clinically proven to be free
from cancer diagnosis. Studies focusing on in vitro model (or
non-urine samples detection) to report the diagnostic utility of
MDC were excluded subsequently (termed incompatible ob-
jectives in the later flow diagram).

To answer our main review question on whether canine’s
olfactory system might possess reliable diagnostic value on
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PCa, this study was prepared in adherence to the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guideline. A thorough and selective scientific liter-
ature identification had been conducted up to September 2022
in international online databases, e¢.g., MEDLINE, Cochrane,
ScienceDirect, and ProQuest. Implementation of strategic key-
words related to “prostate cancer”, “canine” and “olfactory”
within its derivatives words were performed based on Boolean
method, in which the identification was restricted to title/
abstract section scoping. The keywords implementation was
adapted for each database, though the main idea of literature
screening remains equivalent. The literature screening was
mainly performed by two authors (NNF and AJV), two data-
bases for each author respectively. The screening reports were
discussed internally to determine whether a study is eligible
for further review or should be excluded from the final analy-
sis. The protocol of this review preparation was registered in
PROSPERO: International Prospective Register of Systematic
Reviews under issued ID of CRD42022366035 [12].

Ethical compliance

In this research, ethical clearance is not necessary because the
subjects or interventions was directly performed, and subse-
quently, although all the studies included in this research al-
ready followed ethical standard that had been granted by each
institution according to Helsinki Declaration. This study was
also reviewed by the Ethical Committee for Health Research
Universitas Sumatera Utara as the Institutional Review Board.

Risk of bias assessment and data extraction

We specifically designed a proforma for data extraction to
collate relevant data from both “training phase” and “testing
phase” of the respective study; the process was performed by
NNF and AJV (same authors that conducted the screening pro-
cess). Raw data related to the diagnostic accuracies of canine’s
olfaction test in detecting PCa were primarily extracted from
both index and control test, consisting of true- and false-pos-
itive (TP and FP) or true- and false-negative (TN and FN) re-
sults based on dichotomous data from each study. Considering
the training phase might demonstrated higher details variabili-
ty, selective reporting is performed to important variables, e.g.,
1) canine’s breed, gender, age, or name (if available) to marked
it more specifically in multi-canine study; 2) trainers (or ca-
nine’s handler) and its prior training status; 3) implemented
training program; 4) duration-related variables (training phase,
how long each session been conducted, and totaled training
period) plus intra-training blinding status. On the actual testing
phase reporting, we included all histopathologically proved
urine samples from PCa patients regardless its Gleason score
and prostate-specific antigen (PSA) level.

The structured QUADAS (Quality Assessment of Di-
agnostic Accuracy Studies) tool developed by Whiting et al,
served as the main quality control instrument [13]. The risk of
bias and applicability of the eligibles studies were initially ap-
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praised by a co-author (NNF), followed by internal discussion
on whether the interpretations are relevant and methodologi-
cally acceptable.

Statistical analysis

In determining diagnostic value of a tool, it is often described
as sensitivity (Sn (TP/(TP + FN)); and it will be used in fur-
ther section to avoid misleading with sensitivity test in meta-
analysis (specificity (Sp; TN/(TN + FP)), positive likelihood
ratio (LR+; TP/(TP + FP)), negative likelihood ratio (LR-; TN/
(TN + FN)), diagnostic odd ratio (DOR; LR+/LR-), and area
under the curve (AUC; based on findings in summary receiver
operating characteristics (sSROC) curve)). Interpretation on
LR+ and LR- value is referenced to a tutorial by American
Association of Family Physician (AAFP) in understanding
dichotomous-multichotomous data presentation, whereas the
AUC’s strength level will be valued by Hosmer et al [14, 15].
We performed the statistical analysis on Meta-disc 1.4 and pre-
sented our findings on pooled diagnostic plots as visualized
by using the software [16]. Each canine from every study will
be considered as a single diagnostic tool and entity, thus if a
study contained > 1 canine in their analysis, it will be marked
as follow: “last name of the first author and date of publication
(canine’s name), e.g., John 2023 (Mark) and John 2023 (Guy).
The implemented analysis model (on 95% confidence in-
terval (CI)) was either Mantel-Haenszel (fixed effect model
(FEM)) or DerSimonian-Laird (random effect model (REM))
based on inconsistency value (I-square (1)) interpretation (>
50.0% was considered to be significant heterogeneity). Further
exploration on sSROC graph and Spearman rank correlation
(significant if P < 0.05 and r > + 0.6) was also conducted to
confirm the “threshold effect” and determine whether there is
an inverse correlation between Sn and Sp observed on the final
outcomes [16, 17]. The latter analysis will assist us in identi-
fying possible heterogeneity sources which may lead to fur-
ther “sensitivity” analysis (by subgroup analysis method, i.e.,
excluding the heterogeneity sources) on whether a study with
remarkable differences might influence our final conclusion.
It also adds the “robustness” of our analysis since we aimed
to assess the confidence of findings, appropriately minimizing
the reporting bias effect which might influence the certainty of
estimated outcomes or diagnostic accuracies from this study.

Results

A total of 131 literatures were identified, in which 22 of the
studies were initially excluded after findings of duplication
either by electronic tool or manual reference search. We find
a relatively small number of potentially relevant studies due
to the applied pre-specified keywords on literature searching
phase, thus producing more specific findings to be explored
complying to our main review question. After thorough title/
abstract assessment, 13 studies were further assessed in full-
text analysis, and five studies were finalized in both of the
systematic review and meta-analysis [18-22]. This literature
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selection process is presented in PRISMA 2020 flow diagram
(Fig. 1).

We systematically compared and summarized several
points from both training and testing phase (Table 1) [18-22].
The evaluated canine’s breed is diverse among studies, with
German Shepherd being the most tested (3/8 canines), and most
of the canines were female by gender (the remaining canine’s
gender is not reported). All training programs were performed
by professional teams, and they applied rewarding methods to
familiarize the canines with PCa’s urine odor for various train-
ing length (4 to 35 months). We had ensured that all studies
used different urine samples for training and testing phase to
avoid interpretation bias from the canines, though the baseline
characteristics of PCa patients in testing phase were not report-
ed. Each study included a different percentage of patients with
Gleason score > 8 (0.0% in Elliker et al [21], and 100.0% in
Guest et al [22]). Heterogenous values of PSA among diseased
and healthy arms were also observed. The total number PCa’s
urine tested in this review is 462 samples (362 were studied by
Taverna et al [19]) as compared to 684 non-PCa individuals’
urine samples (540 from Taverna et al [19]).

The risk of bias assessment results by QUADAS-2 tool
is presented in Table 2 [18-22]. Due to homogeneity of “dis-
eased” group, i.e., PCa diagnosis by biopsy and histopathology
confirmation, we consider the “patient selection” variable as
low-risk in all studies. Similar reasoning was also applied on
index test variable since the reported blinding methods were
highly relevant to avoid bias in testing phase of canine’s ol-
faction. However, the reference standard and flow/timing may
present with unclear- to high-risk of bias, which was partly
originated from the applied control populations criteria (e.g.,
included benign prostate hyperplasia (BPH) patients, or other
patients except PCa in their respective center). Nevertheless,
those studies remain included in the final analysis since the
main objective of this review is distinguishing urine from PCa
individuals by using the index test.

Diagnostic accuracy

The pooled estimation of Sn value among eight canines re-
viewed in this study is 0.95 (0.94 - 0.97) in 95% CI (I?> =
96.2%). On individual analysis, canines in the studies of Tav-
erna et al [19] and Urbanova et al [18] demonstrated the high-
est Sn value (Fig. 2a), though discrepancies between results
were reported by Elliker et al [21]. Coupled analysis of Sp
value revealed a favorable diagnostic accuracy of 0.92 (0.90
- 0.93) in 95% CI (1> = 88.4%), though this result might have
been heavily influenced by the study of Taverna et al [19], as
presented in Figure 2b. Interestingly, both the studies of Guest
et al [22] and Elliker et al [21], reported a relatively lower Sp
value of 0.70 - 0.76.

Our analysis on LR+ value in estimated a pooled likeli-
hood of 4.48 (1.90 - 10.58) in 95% CI (92.0%) to confirm
the positive histopathology-proven PCa had a small statisti-
cal value, but possibly it will translate into positive index test
results as well (Fig. 3a). Similar result was also presented on
LR- value estimation of 0.12 (0.01 - 1.42) in 95% CI (I> =
99.2%), since the report by Taverna et al [19] seems to highly
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Figure 1. PRISMA flow diagram used to identify the included literatures. PRISMA: Preferred Reporting Items for Systematic

Reviews and Meta-Analysis.

contribute to the overall conclusion, leading to further need for
validation in sensitivity analysis (Fig. 3b).

We also established a DOR analysis, which valued 35.39
(2.90 - 423.53) in 95% CI (1> = 94.9%); thus, our finding sug-
gest that canine’s olfaction test might possess robust ability to
discriminate PCa and non-PCa urine (Fig. 4a). The correlation
between sensitivity/specificity values was also depicted on
sROC graph, which was statistically represented by the AUC
value of 0.9232 (Fig. 4b). Confirmation on the “threshold ef-
fect” was made through Spearman rank correlation of -0.874
within significant P value of 0.005, although the visual inspec-
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tion on sSROC graph does not necessarily disclose inverse re-
lationship between sensitivity and specificity (or positive cor-
relation between sensitivity and 1-specificity). For that reason,
it is advised to conduct a sensitivity analysis to determine the
etiology of threshold effect or source of heterogeneity, consid-
ering most of the outcomes demonstrated high 12 value.

Sensitivity analysis

The sensitivity analysis will be conducted by applying sev-
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Table 2. Risk of Bias of the Included Studies as Assessed in QUADAS-2 Tool

Risk of bias

Applicability concerns

Reference standard

Patient selection Index test

Reference standard Flow and timing

Index test

Patient selection

Study

Low-risk of bias Low-risk of bias

Low-risk of bias

Unclear-risk of bias

Low-risk of bias  Low-risk of bias

Low-risk of bias

Cornu et al, 2011 [20]
Elliker et al, 2014 [21]
Guest et al, 2021 [22]

Low-risk of bias  Unclear-risk of bias

Low-risk of bias

Unclear-risk of bias ~ Low-risk of bias
High-risk of bias

Low-risk of bias

Low-risk of bias

Low-risk of bias
High-risk of bias

Low-risk of bias

Low-risk of bias

Low-risk of bias  Low-risk of bias

Low-risk of bias

Low-risk of bias

Unclear-risk of bias ~ Low-risk of bias Low-risk of bias

Low-risk of bias

Low-risk of bias

Taverna et al, 2015 [19]

Low-risk of bias  Unclear-risk of bias  Low-risk of bias Low-risk of bias  Low-risk of bias Low-risk of bias

Low-risk of bias

Urbanova et al, 2015 [18]

eral sub-analyses on the studies which: 1) included only < 150
urine samples (study size); 2) known canine’s age of <4 years
old; and 3) training period duration < 12 months. The first sub-
analysis will be highly crucial since only one study, i.e., the
study of Taverna et al [19], included > 150 total urine sam-
ples, highly influencing our finalized primary outcomes. By
excluding the study of Taverna et al, the observed diagnostic
accuracies values are: Sn (0.72 (0.63 - 0.79); I = 92.2%), Sp
(0.78 (0.71 - 0.84); I> = 36.5%), LR+ (2.59 (1.10 - 6.11); 2 =
76.9%), LR- (0.35 (0.12 - 1.01); 1> = 94.8%), DOR (7.70 (1.05
- 56.54); 1> = 88.1%), and AUC value of 0.8984. The Spear-
man rank correlation was also insignificant in this sub-analysis
of 0.696 (P value = 0.125), thus the threshold effect was not
observed.

Further exclusion of canines aged > 4 years old at the be-
ginning of the study (only three canines included: Guest et al
[22] (Florin), Elliker et al [21] (dog-B), and Urbanova et al
[18] (Agata Jankari)) demonstrated even lower diagnostic ac-
curacies, i.e., Sn (0.76 (0.65 - 0.86); 12 =93.6%), Sp (0.79 (0.69
- 0.86); I = 0.0%), LR+ (2.84 (0.87 - 9.32; I> = 77.3%), LR-
(0.28 (0.03 - 2.97); I> = 94.6%), DOR (10.26 (0.50 - 209.68);
I2 = 89.6%), and AUC value of 0.8945. Other sub-analysis on
< 12 months training duration only demonstrated even lower
diagnostic accuracies: Sn (0.64 (0.52 - 0.74) 1> = 96.3%), Sp
(0.76 (0.67 - 0.83); I> = 33.1%), LR+ (1.55 (0.28 - 8.64); I
= 85.6%), LR- (0.51 (0.16 - 1.64); I = 95.6%), DOR (3.63
(0.13 - 104.38); 1> = 92.6%), and AUC value of 0.9127. Both
of the sub-analyses aforementioned are within threshold effect
by Spearman rank correlation result (P < 0.05).

Discussion

The robustness of canine’s olfactory system in recognizing dif-
ferent odors even at the slightest changes within undetectable
rate among human had been actively described for the past
decades. Although its utilization in medical practice remains
controversial and inclined toward ‘“hypothetical” modality,
humanity had been long intimated with canine’s assistance or
guidance in their daily life [23]. Since its first domestication
for more than 30,000 years ago in hunter-gatherer societies to
the current modern and internet-based phase, the basic func-
tioning role of canine in human’s work remains stable [24].
The canine’s olfaction ability has been enormously spe-
cific and prolific, plus, humanity had considered the species
as their friendly companion, leading to understandability in
standard communication through direct or even indirect train-
ing. By applying reinforcement/punishment method, canine
may familiarize their olfaction sense and translate their height-
ened awareness of certain odor to some core commands in dog
training, i.e., “come”, “sit”, or “stay”, as adaptable by the re-
spective trainer forces [25, 26]. The accountability of canine’s
perception in perceiving human action, their training program,
and its assigned task is controversially understood, whether the
canine may reckon it as “goal-directed” activity or simulate
the training method which suits the best [27]. For example,
when a canine assists a hunting activity, two main perceptions
might emerge in their neural system, i.e., the training is solely
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a it Sensitivity (95% CI)
AR i —oﬁ Cornu 2011 0.91 (0.76-0.98)
o-- ; ; ., | Eliker2014-Dog A 0.13 (0.02-0.38)
: — : ' | ; 11| Elliker2014-DogB 025 (0.07-052)
: : - - o— — | Guest2020-Dog 1 (Florin) 0.71 (0.29-0.96)
: 5 -l | Guest2020-Dog 2 (Midas) 0.71 (0.29-0.96)
' 1 ' ; LR Taverna 2015-Dog 1 (Liu) 1.00 (0.99-1.00)
: : : - ' Taverna 2015-Dog 2 (Zoe) 0.99 (0.97-1.00)
3 : . —1@| Urbanova 2015 (Agata) 0.96 (0.85-0.99)
IRER AR
‘ @ pooled sensitivity = 0.95 (0.9410 0.97)
' ' ' ' Chi-square = 186.38; df = 7 (p = 0.0000)
0 02 04 06 08 1 Inconsistency (I-square) = 96.2 %
Sensitivity
b _ Specificity (95% Cl)
' . ———| Comu2011 0.91 (0.76-0.98)
——G— b Elliker 2014-Dog A 0.71 (0.56-0.83)
; ] Elliker 2014-Dog B 0.75 (0.60-0.86)
: 1 —— a0 Guest 2020-Dog 1 (Florin) 0.76 (0.53-0.92)
—® I Guest 2020-Dog 2 (Midas) 0.70 (0.46-0.88)
: ‘ : : ! Taverna 2015-Dog 1 (Liu) 0.96 (0.94-0.98)
: 1 Taverna 2015-Dog 2 (Zoe) 0.93 (0.90-0.95)
-v—'—-bn— Urbanova 2015 (Agata) 088 (0.69-0.97)
@ IRt
' g0
U Pooled Specificity = 0.92 (0.90 to 0.93)
‘ ' ‘ ' ‘ ' Chi-square = 60.22; df = 7 (p =0.0000)
0 0.2 04 0.6 0.8 1 Inconsistency (I-square) =88.4 %
Specificity

Figure 2. (a, b) The estimated sensitivity (Sn) and specificity (Sp) value of the MDC in detecting PCa from urine samples. MDC:
medical detection canine; PCa: prostate cancer; Cl: confidence interval.

aimed to capture prey, or they perform the task owing to the
given reward such as a piece of meat after the hunting session
completed.

Recent technological advancement has shifted the ca-
nine’s olfaction role to a much more practicable and needed
function, i.e., cancer detection. As we humans see the world,
the canine smells it through. However, unlike our visual abil-
ity, they have access to invisible plus undetectable stimulus to
human’s olfactory system; though canine also need repetitive
and programmed training to develop better olfactory acuity
and appropriate cognitive aspect on specific odor to be able
to recognize it [28]. Several evidences have persisted on ca-
nine’s ability to detect pathologic changes in human, i.e., MM
as firstly described in the end of 1980s [6]. By that point, pro-
gress of understanding “what are the term and conditions to
meet thus a canine may be able to accurately discriminate an
odor as a pathology” is rapidly erupting to integrate it with the
established clinical workup.

Interestingly, its potential included but not limited to ma-
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lignant transformation as well, since the odor-based detection
is adaptable to infectious or possibly degenerative changes, if
the theory is relied on “canine may detect ‘deviant’ chemical
compound in the tested samples”. The currently established
hypothesis is that the existence of VOC resulting from abnor-
mal metabolism of cancerous tissues may poses as an olfacti-
ble stimuli for canine, regardless the persistence of volatilome
in samples from normal physiological function. As a metabol-
ic byproduct, slight changes of its chemical composites from
physiologic states will be detectable in the excreted body fluid,
i.e., sweat or urine; creating a “different” state of odor to be
distinguished from healthy population [29, 30]. For instance,
Maa et al observed that canine may detect changes of hand
odor among epileptic vs. non-epileptic individuals, which
seems to be originated from the existence of three unique
VOCs through chemical profiling test [31]. On recent global
pandemic of coronavirus disease 2019 (COVID-19), it was
suggested to implement MDC to acquire faster testing time by
obtaining samples from tracheobronchial secretions, saliva, or
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Figure 3. (a, b) The estimated positive likelihood ratio (LR) and negative LR of MDC in detecting PCa from urine samples. MDC:
medical detection canine; PCa: prostate cancer; Cl: confidence interval.

nasopharyngeal swabs of symptomatic patients, marking the
wide range of detection samples as long as the inter-protein
reactions or abnormal metabolisms leave its mark within VOC
trails to be recognized by the canines [32].

Elucidating canine’s ability to discriminate MM lesions is
possibly influenced by its superficial location, plus, the lesion
might emit a specific odor to promote aggressivity among ca-
nines as described by Williams et al, and Church et al [6, 7].
However, if the malignant transformation occurred in visceral
organs, the byproduct (VOC) detection should be relied on its
metabolic excretion or by perchance, anatomically-suited sam-
pling, i.e., urine of PCa individuals. Although the urine itself is
generally produced by kidney systems, the excreted fluid will
travel the urinary tract and “contacting” prostate tissues either
normal or cancerous. Theoretically, the urine itself should con-
tain seminal fluid or another prostate’s metabolism byproduct
if any since both of the ejaculatory ducts are surrounded by the
central zones (CZ) of the prostate, although the CZ itself was
the least prevalent PCa (5-10%) regardless its higher locally
advanced potential [33-35].

Nevertheless, our review had statistically confirmed that
canine may detect the VOC and discriminate urine samples
from PCa patients within considerable pooled diagnostic val-
ues, i.e., Sn (96.2%), Sp (92.0%), LR+ (4.48), LR- (0.12), DOR
(35.39), and summed by Sp-Sn curve of sROC with 0.9232
AUC. Our finding also confirmed that the MDC-based PCa
detection might perform better compared to PSA (> 4 ng/mL)
with the estimated Sn and Sp of 93.0% and 20.0%, respec-
tively according to a meta-analysis by Merriel et al in 2022
[36]. Compared with an operator-based test, e.g., digital rectal
examination (DRE) with diagnostic accuracies by Sn and Sp
value of 43.2-81.0% and 13.3-92.5% according to Okpua et al
and 51.0% and 59.0% by Naji et al, the superiority of MDC
remains persistently considerable as the “welcoming test” of
PCa screening [37, 38]. The “suspected” individuals may only
need to urinate as usual (though the specific recommendation
of urination procedures is not established yet), therefore avoid-
ing invasive procedures or unnecessary measures in selecting
biopsy-able patients. The system may also apply on routine
prostate screening among asymptomatic individuals, even if
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Figure 4. (a, b) The estimated diagnostic odd ratio (DOR) and area under the curve (AUC) value of MDC in detecting PCa from
urine samples. SROC: summary receiver operating characteristics; MDC: medical detection canine; PCa: prostate cancer; Cl:

confidence interval.

several technical challenges will emerge and mostly related
to the canine’s consistencies on identifying PCa-suspected
urines; whether it may be originated from the “context-shift”
effect (i.e., a canine may “forget” their stimulus and training
after some periods) [39], and how favorable the future pros-
pect in utilizing canine’s olfaction for medical purpose.

First of all, specific canine breeds hypothetically possess
higher olfaction’s prowess than the other. By measuring the
cribriform plate (CP) as the quantitative evidence of relative
olfactory capacity, Bird et al [40] concluded that the more do-

366 Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™

mesticated a canine breed may translate into reduced CP mor-
phology as the consequence. The premise was delivered based
on significantly higher CP among gray wolves and coyote,
though the difference was not defined between non-scent dog
breeds (Pomeranian, Mastiff, etc.) vs. genetically defined scent
breeds (Daschund, Bloodhound, etc.), or working scent detec-
tion breeds (Labrador retriever, Golden Retriever, etc.) [40].
However, the aforementioned study was solely based on CP
anatomy description rather than its functionality test on formal
procedure. Polgar et al reported that “scent canine” breed, e.g.,
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Wire-haired Vizsla, Beagle, etc. performed better on stratified
olfaction testing compared to “non-scent canine” breed (Grey-
hound, Siberian Husky, etc.) and short-nosed canines such as
Bulldog or Pug [41]. From the studies we included, German
Shepherd breed was the most commonly trained and tested ca-
nine, followed by Labrador, Hungarian Vizsla, Border Collie,
and Belgian Malinois, which are notably regarded as sniffer
breeds with long history of odor detection role among human
societies [18-22].

Secondly, the paramount factors to affect a canine’s per-
formance remain implicated. Several aspects should be con-
sidered in a wider scope other than the respective canine’s
breed such as canine age at the starting point of the training,
gender, trainer team, training method or duration, along with
how visible and complete the testing report is. Therefore, it is
anticipated that our review might hold substantial heterogene-
ity originated from those factors, even though the main point
of MDC’s ability in distinguishing PCa urine samples has been
delivered at the first place. Even by conducting the sensitiv-
ity analysis to estimate some sub-outcomes, e.g., excluding
studies with > 150 total urine samples (Taverna et al [19]), the
diagnostic accuracies are still comparable to the established
early workups (PSA test and DRE): Sn 72.0%, Sp 78%, LR+
2.84, LR- 0.28; compiled on AUC value of 0.8984.

Overall, the MDC’s diagnostic performance in this study
is ranged around 70-80% after sensitivity analysis, with our
primary outcomes demonstrated > 90.0% accuracies plus an
outstanding AUC value (0.9232). For comparison, Erol et al
[42] marked that free/total (f/t) PSA had an AUC value of 0.81
among all age groups to detect PCa. The number was even
lower if the population is narrowed to PSA level of only 4 -
10 ng/mL with 0.669 AUC value; despite the role of cut-off
value is pivotal in such quantitative-laboratory measurement.
Other PSA-based screenings, e.g., total PSA (tPSA), free PSA
(fPSA), PSAD (-density), PSA-AV (age X prostate volume/
tPSA) also possessed moderate diagnostic value for PCa based
on its AUC, which was observed ranging from 0.529 (lowest;
fPSA) to 0.735 (highest; PSA-AV) according to the study of
Shan et al [43]. The MDC’s remarkable accuracies were emi-
nently underlined by its VOCs content of PCa urine samples
(or volatilomic to be specific), thus the demand to conduct me-
tabolomic profiling is highly prioritized.

The main objective of capturing definable VOC:s lies in its
function as the reflector of biochemical and metabolic activi-
ties, which combined both endogenous and exogenous factors,
thus creating a “challenging yet abstract state”. Canines are
basically able to scent the odor, but the differentiating factors
of each odor remain questionable. To date, there are dozens
of biomarker candidates, e.g., sarcosine, proline, kynurenine,
furan, p-xylene, hexanal, pentanal, etc., which are encapsu-
lated in such massive implication: there is a plethora of it, and
the existence of specific VOC in a urine sample remains in
“grey area” of science; albeit it should be attainable molecular-
wise through metabolomic profiling [10, 44, 45]. To conduct a
canine training session is a matter of diligence, but designing
an electronic-based screening relies on time and our capacity
to profile urine samples. Focusing on urine samples is funda-
mental in PCa screening, considering it offers noninvasive and
highly attainable service, in which it may develop further by
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developing electronic nose (eNose) as reported by Asimako-
poulos et al and Taverna et al in 2014 and 2022, respectively
[39, 46]. Even though the eNose itself is still marked as “pro-
totype” tool and relied on artificial neural network mapping
which seems complex on the paper, the odor-based detection
is rapidly progressing, and it is expected to place both MDC
or its handy-device of olfactory system’s imitation among up-
coming PCa first-line screening in the near future [39, 46].

However, with aforementioned variation among studies,
conducting a systematic review and meta-analysis might be lim-
ited to a broader-scope of study which posed as our main limita-
tion in this study. We also attempted sensitivity analysis to test
the “what if?” premise, withal the diagnostic accuracies are still
comparable or even higher to the current Pca screening standard.
The prospect of odor-based cancer diagnostic is overwhelmingly
interesting to be explored even further, albeit the reproducibility
of MDC is still lingering around technical issues, yet the out-
comes demonstrate such favorable landscape. Whilst anticipat-
ing the formal emergence of eNose modality to discriminate
pathologic fluid samples (either by establishing a group of poten-
tially measured biomarkers or resolving the current technological
issues), temporary assistance from MDC should be sufficient in
fulfilling oncologic care demand for noninvasive/low-cost first-
line test in current hospital-based management settings.

Moreover, advancement of RNA-sequencing method had
revolutionized the biomarker-identification progress of many
malignancies, including among Pca which initially aimed to de-
scribe genes that are able to differentiate Gleason groups. The
studies mostly relied on machine learning models to synthesize
numerous gene transcripts, i.e., determining expressions of spe-
cific gene which possesses a predicting capability as seen in
GPR137’s relation with score 3 + 4 = 7 by Gleason score [47,
48]. Its concept with MDC is practically similar; as the next-
generation sequencing (NGS) program is able to profile such
particular diagnostic data through gene expression (even pre-
dicting castration-resistance in Pca cases) [49], the MDC was
eventually limited to distinguish Pca since it aimed to perform
as preliminary workup. Our study was also unable to confirm
whether positive or negative findings on MDC side might be
inclined to lower or higher Gleason score, since cases incorpo-
rated on those reviews were diverse on baseline. Hence the role
of other diagnostic measurements, e.g., histopathological con-
firmation or NGS may commence on the algorithm. Eventually,
the authors believe that incorporating both modalities’ roles will
only result in better Pca characterization, though NGS itself is
yet to be familiarized among resource-limited countries, whilst
MDC may cover the limitations in such settings.

Rather than investing significant focus on the other early
yet invasive Pca screening modalities, this study suggests that
MDC may held an attainable solution to confirm whether a pa-
tient need further aggressive workup. Transforming the MDC
to machine-based detection will take a period, therefore, con-
ducting more studies focusing on odor detection of cancerous
tissues should be encouraged to vitalize its evidence. Never-
theless, by looking into much distant perspective, we believe it
also better to begin the development of eNose tool rather than
continuously depended on canines, considering it engaged
such heterogenous factors; yet the machine-based detection
may perform more consistently in practice.
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Conclusions

The diagnostic utility of MDC to detect Pca from urine sam-
ples had been thoroughly described in this study, in which
the outcomes were statistically favorable as an early screen-
ing method. However, the research progress should be driven
to profile the VOC content on samples and develop a more
consistent and predictable device, i.e., eNose through artificial
network utilization; emphasizing the role of MDC to “bridge”
the transformation should be highly considered as well.
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