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Background: Although various studies have been conducted to demonstrate the possibility of Raman
spectroscopy (RS) as a diagnostic tool for prostate cancer (PC), it is difficult to use it in the real clinical area
because of imitations in various research processes. Therefore, we did a systematic review and meta-analysis
about the accuracy in diagnostic use of RS for PC.

Methods: A literature search was done using PubMed, Embase, and Cochrane library databases in March
2019 to analyze the accuracy of RS for diagnosis of PC. The accuracy of RS for diagnosis of PC was
evaluated by means of pooled sensitivity, specificity, positive likelihood ratio (PLR), negative likelihood ratio
(NLR), diagnostic odds ratio (DOR), and summary receiver operating characteristic (SROC).

Results: Five studies were included for qualitative analysis by screening the remaining articles according to
the inclusion and exclusion criteria by means of a systematic review. The pooled sensitivity and specificity of
RS were 0.89 (95% CI: 0.87-0.91) and 0.91 (95% CI: 0.89-0.93), respectively. The overall PLR and NLR
were 9.12 (95% CI: 4.15-20.08) and 0.14 (95% CI: 0.07-0.29), respectively. The DOR of RS demonstrated
high accuracy (73.32; 95% CI: 18.43-291.73). The area under the curves (AUCs) of SROC curves was 0.93.
Conclusions: RS is an optical diagnostic method with high potential for diagnosis and grading of PC and
has advantages of real-time and convenient use. In order to consider real-time use of RS in an actual clinical
setting, more studies for standardization and generalization of RS performance and analytical method must
be conducted.
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Introduction death in 2019 in the United states (1,2). Thus, it causes
a considerable public-health burden, but there is a

strong potential to reduce PC specific mortality rates via
countries is the most common male cancer with 174,650 screening (3).

Prostate cancer (PC), of which 70% occur in developed

newly diagnosed cases and ranks second in cancer related In the past 20 years, the use of serum prostate-
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specific antigen (PSA) levels as a diagnostic tool for PC
has increased detection at an early stage by increasing
the number of men suggested for prostate biopsy
(4-6). However, the level of PSA in serum is not an ideal
cancer marker, because elevated PSA levels in many other
conditions can cause overdiagnosis (4,5). Meanwhile,
the gold standard for detection of PC is pathological
examination using ultrasound-guided transrectal
prostate biopsy (7). However, this procedure is invasive,
accompanied by significant risk of complications, and
costly (6). Researchers have been pursuing minimally
invasive diagnostic methods that can provide diagnostic
information at the molecular level and be reliable because
of their high specificity and sensitivity (8).

In this respect, Raman spectroscopy (RS) has recently
received attention as an attractive alternative for cancer
detection (9). RS, which analyzes inelastic scattering of a
photon having unique energy levels depending on every
molecule type, has been used as an important diagnostic
tool in many research disciplines (10,11). With development
of spectroscopic instruments and technology, RS has
advanced to evaluate cancer and precancerous lesions in
multiple organs (12,13). RS has also been applied in the
area of PC, and studies on it have revealed variations from
adenocarcinoma to benign prostatic hyperplasia (BPH)
at the molecular level (14,15). Crow er al. confirmed that
RS can accurately discriminate BPH and three different
grades of PC through a diagnostic algorithm using principal
components analysis (PCA) method (16). Lopes et al.
helped establish a concise spectral model to predict the
concentration of spectral features to identify normal, BPH,
and prostate carcinoma tissues 7 vitro (8).

The objective of our study was to work up a spectral
model based on dispersive RS to differentiate the prostate
biochemical differences between benign lesions and
malignancy (14). Despite these efforts, it is difficult to define
RS as a critical diagnostic method, because the number of
samples for studies was small, and the sampling method,
diagnostic algorithms, analysis tools, and RS settings in
previous studies were not unified. Therefore, to verify the
accuracy of RS as a diagnostic tool for PC by using current
evidence, we did both a qualitative and quantitative analysis,
as was essential.

We present the following article in accordance with the
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-924).
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Methods
Search strategy

We did comprehensive literature searches in the PubMed/
Medline, Embase, and Cochrane library databases through
March 2019. The terms for searching used included
“prostate cancer” or “prostate tumor” or “prostate
carcinoma” or “prostate malignancy” and “Raman” or “RS”
or “Raman spectra” or “Raman spectrometry”. There were
no restrictions on language or research type when doing the
initial literature searches. Two authors (DK Kim and JH
Kim) separately reviewed the titles and abstracts pursuant to
inclusion and exclusion criteria and reviewed the identified
articles. When opinions between each author are divided,
they were solved by consensus through means of discussions
with each other.

Trial inclusion and exclusion criteria

Included participant for this study were satisfied: blood/
urine sample or cancer tissue of patients with PC;
RS; blood/urine sample or prostate tissue of healthy
volunteers; reported values [true positives (TP), true
negatives (TN), false positives (FP) and false negatives
(FN)] in sufficient detail to establish sensitivity and
specificity at specified cutoff values for evaluating the
diagnostic accuracy; and original articles. Whereas,
studies involving non-human subject, studies with no
control group, case reports, reviews, and duplicate studies
were excluded.

Data extraction

Two authors (DK Kim and JJ Park) examined the full text of
selected studies and extracted the trial level data from each
study separately. When opinions between each author are
divided, they were solved by consensus through means of
discussions with each other. Extracted data contained study
design, inclusion and exclusion criteria, country in which
the study was conducted, number of patients or sample,
sample type, main type of Raman algorithm, laser diode,
and type of RS. The quantitative data, including TP, TN,
FP, and FN, were also extracted directly or calculated from
the sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) reported in included
studies.
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Study quality assessments and quality of evidence

The methodological quality was assessed using
QUADAS-2. Risk of bias and applicability judgments
in QUADAS-2 was assessed according to four domains,
including patient selection, index test, reference standard,
and flow and timing. Both the risk of bias and concerns
about applicability were evaluated at three levels (low,
high, and unclear). QUADAS-2 was done by Review
Manager 5.3 (The Nordic Cochrane Center, The Cochrane
Collaboration, Copenhagen, Denmark).

Statistical analysis

The accuracy of RS for diagnosis of PC was evaluated by
means of pooled sensitivity, specificity, positive likelihood
ratio, and negative likelihood ratio (NLR) values along with
corresponding 95% confidence interval (CI). Moreover,
a summary receiver operating characteristic (SROC)
curve was also created by evaluating the effect of the
threshold on the result according to the Moses-Shapiro-
Littenberg method (17). For further assessing the statistical
heterogeneity between trials, the I statistic and chi-square
test were used for analysis. Either a P<0.05 for the Cochran
Q statistic or an I statistic of >50% meant significant
heterogeneity between trials (18). The publication bias
wasn’t measured, because there is no established method
for evaluating it in diagnostic meta-analysis. All of the
above statistical analyses were done using Meta-Disc

Version 1.4 (19).

Results
Systematic review process

The systematic review process using the PRISMA
statement is summarized in Figure 1. Only published
studies were included, in order to avoid publication bias.
After a first literature search, we founded a total of 72
articles, which were reduced to 39 after duplicate removal.
Then, 20 articles were removed by review of the titles and
abstracts. Finally, 19 studies were included for qualitative
analysis. Among them, five studies were selected in the
final quantitative analysis by screening of the full text of the
nineteen studies according to the inclusion and exclusion
criteria. Table 1 shows the characteristics of the 5 studies
included (8,14,16,20,21).

Among all included studies in the meta-analysis, three
evaluated the diagnostic performance of RS iz vitro, and
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only one study was conducted in vivo. Not all the eligible
studies were published in English. Two studies were
performed in Brazil. Others were conducted in the United
Kingdom. The sample type was tissue or peripheral blood.
Type of RS was not consistent in all studies.

Outcome

The extracted data of five studies were pooled and analyzed.
We assessed overall diagnostic accuracy by calculating
sensitivity, specificity, PLR, NLR, and diagnostic odds
ratio (DOR). The overall sensitivity of RS was 89% (95%
CI: 0.87-0.91) and specificity of RS was 91% (95% CI:
0.89-0.93), respectively (Figure 2). The heterogeneity of the
among-study was statistically significant in the results of the
sensitivity (Cochran Q statistic, P=0.000; I’ statistic, 87.1%)
and specificity (Cochran Q statistic, P=0.000; I’ statistic,
88.8%). The overall PLR and NLR were 9.12 (95% CI:
4.15-20.08) and 0.14 (95% CI: 0.07-0.29), respectively. The
DOR of RS demonstrated high accuracy (73.32; 95% CI:
18.43-291.73). The area under the curves (AUCs) of SROC
curves was 0.93 (Figure 3).

Quality assessment, qualitative visk of bias, and publication
bias

"Two authors separately assessed the quality of methodology
according to the QUADAS-2. The assessments of the risk
of bias and applicability concerns of the included studies
are displayed in Figures 4,5. All domains of methodological
quality were low except participant selection considering
low sample size or in vitro level studies.

Discussion

By means of our study, it was confirmed that the use of RS
for diagnosis of PC had a significant level of diagnostic
accuracy. This study is, as far as we know, the first meta-
analysis attempt to analyze the diagnostic accuracy of RS for
PC, and we intend to contribute to an actual in vive study
by confirming the overall diagnostic accuracy by means of
this study.

Several studies have been conducted on the application
of RS to the diagnosis of various cancers. Lyng ezt al.
attempted to distinguish malignant and benign lesions of
the breast using RS in 2019 to identify significant spectral
differences between benign and malignant tumors (22). In
addition, Zhao et al. confirmed diagnostic applicability of
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Figure 1 PRISMA flowchart.

RS for in vivo skin cancer diagnosis in 2017 (23). By means
of these studies, the field in which RS is actually used in
clinical practice is increasing, and our study is also aiming at
this clinical application in the prostate-cancer field.
Recently, several studies have shown that RS using
discriminant analysis (DA) has the potential to be used as a
tool to distinguish prostate diseases from normal prostate
tissues in vitro. Those studies investigated possibilities of
RS for macroscopic identification of the main biochemicals
presented in both normal and cancerous tissues for cancer

© Translational Andrology and Urology. All rights reserved.

diagnosis, and confirmation of the microscopic biochemical
changes in cancerous cells for cancer staging. Also, RS has
been able to identify endogenous biological markers related
to benign and malignant prostate disease, such as proteins/
amino acids, carbohydrates, lipids/phospholipids, and
nucleic acids (14,16,24).

The discernment of tissues using the estimated Raman
concentration and the Euclidean distance was supposed to
be a competent method to discover the spectral features that
are specific to a particular group, because the biochemical
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Figure 2 The pooled sensitivity and specificity of Raman spectroscopy (RS). The pooled sensitivity and specificity of RS were 0.89 (95% CI:

0.87-0.91) and 0.91 (95% CI: 0.89-0.93), respectively.
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differences in the tissue related with the diseases can be
easily founded and quantified by applying a proper spectral
model (14,25). Aspects of transition at the molecular level
of components that are associated with the pathophysiology
cause fine but significant differences in the spectra (14,21).
This study analyzed several works that attempted to identify
differences in the spectra between normal prostate and
PC in vitro. Structurally, the prostate gland is made of a
glandular epithelium, smooth muscles, stroma, and a fibrous
capsule, and these tissues are made of cells composed
of various components. Malignant metamorphosis can
occur both in the normal prostate and in benign prostate
hyperplasia (8).

Dispersive RS has been used as an optical diagnostic
method for both benign and malignant prostatic lesions.
The leading distinction in the bands of PC compared to
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SROC curve
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Figure 3 The area under the curve (AUC) of summary receiver
operating characteristic (SROC) curves. The AUC of SROC curve
was 0.93.
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those of other tissues is observed in bands of structural
proteins, cellular proteins, nucleic acids, and amino acids,
such as tyrosine (21). Meanwhile, the spectra of normal
prostates and benign hyperplasia biochemically similar
to each other; so the BPH distinguishes the normal
prostate by the presence of hyperplasia, without cancerous
features (8).

The studies included in this meta-analysis used prostate
tissue or urine samples. In one of the included studies, a
urine sample was used; it showed a very high accuracy.
However, despite the high diagnostic accuracy, the number
of samples is very small, so further research is needed. For
the application of RS, the pretreatment of prostate tissue
was mainly done using liquid nitrogen, and the various
methods of collecting tissue included biopsy, transurethral
resection of the prostate (T'URP), radical prostatectomy,
and autopsy.

Some studies have suggested the use of multivariate
analysis, such as PCA and DA (26). We can obtain the
proper spectral information, which is determined by the
composition of the analyzed substance, by distinguishing
it from the random, uncorrelated variations by means
of PCA. Crow et al. adopted RS to confirm and stage
prostate adenocarcinoma iz vitro using prostate tissues
acquired by means of biopsy, using the PCA and linear
discriminant analysis (LDA) (20). Stone ez a/. (21) examined
and classified prostate tissues with BPH and PC by using
Raman micro-spectrometry, using PCA and LDA. Crow
et al. gathered Raman spectra from tissue fragments
obtained by transurethral resection of prostates with
the help of a fiber-optic cable combined with a Raman
spectrometer, then developed an algorithm based on PCA
and LDA for optical diagnosis and evaluated it in terms of

Patient selection _ _

Index test NG

Reference standard _ _
Flow and timing _

Risk of bias

0%  25% 50% 75%

100% 0%  25% 50% 75%  100%
Applicability concerns

| . High D Unclear

. Low

Figure 4 Risk of bias and applicability concerns graph. The risk of bias in all included studies was low in all domains except for patient

selection. The applicability concerns were also almost low grade.
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Figure 5 Risk of bias and applicability concerns summary. The risk of bias in all included studies was low in all domains except for patient

selection. The applicability concerns were also low grade except for one study.

sensitivity and specificity. Also, they researched cultures
of human PC cell lines using micro-RS and established an
algorithm to classify the samples by the method of PCA and
LDA (16).

We included 6 in vitro studies. The other 15 studies
included in the qualitative analysis were excluded from
the studies finally selected for this meta-analysis, because
those studies showed only pilot results or did not provide
quantitative results for accuracy. The main limitations
of our study lie in the small number of samples and in
the heterogeneities caused by Raman settings, sample
types, validation sets, and algorithms for analysis. These
heterogeneities caused by discordance can lower the quality
of the evidence in interpreting the results. Nevertheless,
this is the first meta-analysis of the diagnostic accuracy of
RS for PC. Also, we carried out GRADE quality assessment
of the studies about diagnostic accuracy of RS (27). By
means of this approach, we attempted to add evidence of
the possibility of using RS as a diagnostic tool for PC. Well-
designed, high-quality studies with large samples will be
necessary to improve the level of evidence of these results.

© Translational Andrology and Urology. All rights reserved.

Conclusions

RS is an optical diagnostic method with high potential for
diagnosis and grading of PC and has advantages of real-time
and convenient use. However, more research has to be done
to overcome the limitations as evidence, because there were
only a few samples in the current studies. Furthermore, in
order to consider real-time use in an actual clinical setting,
standardization and generalization of RS performance and
analytical methods must be advanced.
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