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A B S T R A C T

In this diagnostic test accuracy systematic review we summarise the evidence on the diagnostic accuracy of
blood α-fetoprotein (AFP), human chorionic gonadotropin (HCG) and lactate dehydrogenase (LDH) in surveil-
lance for testicular cancer recurrence in adults. We searched four electronic databases for studies that reported
the diagnostic accuracy of HCG, AFP, and/or LDH in sufficient detail for sensitivity and specificity to be cal-
culated by extracting a 2×2 table comparing biomarker positivity with testicular cancer recurrence. Screening,
data extraction and QUADAS-2 quality assessment were completed by two independent reviewers. From 2406
studies, nine met our inclusion criteria. Eight reported data at the per-patient level. Sample sizes were small
(range 5 to 449 patients) and clinical heterogeneity precluded meta-analysis. In most studies the specificity for
recurrence with AFP and HCG was high (90–100%) but sensitivity was often relatively low, suggesting that many
recurrences would not be detected by tumour markers alone. The diagnostic performance of LDH appears
poorer. Studies were methodologically weak, with probable selection, incorporation and partial verification bias,
and many studies were excluded for not reporting on recurrence-free patients. Limitations including small
sample sizes, high heterogeneity, and inconsistent and incomplete reporting mean these results must be inter-
preted with caution. Despite inclusion of biomarkers in international surveillance guidance, there remains a lack
of high quality evidence about their accuracy, optimal thresholds, and the most effective surveillance strategy in
relation to contemporary investigative modalities. Higher quality research using data from modern-day follow-
up cohorts is necessary to identify opportunities to reduce unnecessary testing.

1. Introduction

The incidence of testicular cancer is increasing, with age-standar-
dized rates of 5.6 cases/100,000 men diagnosed in the United States
and 7.0 cases/100,000 men diagnosed in the United Kingdom annually
[1,2]. Approximately sixty percent are seminomas (peak incidence 35
years), and the rest predominantly non-seminomatous germ-cell tu-
mours (NSGCT, peak incidence 25 years). Most patients present with
tumour located within the testis (stage 1 disease), and long-term sur-
vival is high (US five-year survival> 95%, UK ten-year survival>
98%) [3,4]. Patients presenting with recurrent or metastatic disease at
diagnosis can be defined by prognostic category according to the site of

the primary tumour and metastases, and the tumour marker level. It
remains a highly curable cancer: good and poor prognostic disease have
five-year survival of 92% (NSGCTs) / 86% (seminoma) and 48% re-
spectively [5]. The high rate of relatively young cancer survivors ne-
cessitates a review of the most efficient means of surveillance for re-
current disease.

During active surveillance following curative treatment for stage I
disease, 10–20% of seminomas and 15–50% of NSGCT recur, most
within two years [6]. No consensus exists on the optimal follow-up
schedule to detect recurrence, but European guidelines recommend
intensive multimodal follow-up including physical examination, tu-
mour markers, chest radiograph and either Abdominal-Pelvic
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Computed Tomography (CT) or Magnetic Resonance Imaging (MRI)
scans [7]. The biomarkers human choriogonadotropin (HCG), α-feto-
protein (AFP) and lactate dehydrogenase (LDH) are measured at a
frequency determined by tumour stage and treatment received: ap-
proximately 3–4 times/year during the first three years and annually
thereafter.

Previous reviews have discussed the diagnostic performance of
these biomarkers for detecting recurrence of testicular germ cell tu-
mours. These include a 2007 review focused on germ cell tumour sur-
veillance outcomes including survival and quality of life [8] and more
recent reviews that looked at biochemical markers for the diagnosis of
germ cell tumours more generally (primary as well as recurrent disease)
[6,9,10]. A striking feature of these reviews is that, although they may
represent contemporary clinical opinion, only the first of these is sys-
tematic in nature, and none presents complete diagnostic accuracy data
on the performance of biomarkers used to detect testicular cancer re-
currence. Therefore, although biomarkers are recommended in inter-
national guidelines [7], the evidence base underpinning their use in
detecting recurrence is unclear. A systematic diagnostic test accuracy
review [11], rather than a potentially selective narrative overview, is
lacking.

This diagnostic test accuracy review aims to clarify this issue by
quantifying the accuracy of blood AFP, HCG and LDH as triage tests for
further investigation for testicular cancer recurrence in adults. If suffi-
ciently accurate, these biomarkers (alone, or in combination) could
provide a cost-effective means of reducing unnecessary follow-up in-
vestigations and hospital episodes, and the radiation burden [12,13],
particularly as the value of clinical examination and chest radiographs
are questioned as tools to detect recurrence [14]. We also aimed to
summarise the available evidence regarding cut-offs used to define a
positive biomarker test for the purpose of diagnosis of testicular cancer
recurrence.

2. Material and methods

The review protocol was registered in advance on the PROSPERO
website, registration number CRD42017074683 [15].

We searched Embase, Medline, the Cochrane Central Register of
Controlled Trials and the Science Citation Index (Web of Science) using
the search terms shown in Appendix 1. The search was not restricted by
study design and no language restriction was applied. However, con-
ference abstracts were excluded, after checking that no published full
article was available, on the basis that such reports were unlikely to
provide sufficiently informative data for extraction for the purposes of
this review. Eligible studies reported numerical information for any of
the three tumour markers falling within the scope of this review (AFP,
HCG and LDH) in adults during follow-up after surgery for primary
testicular cancer, in relation to recurrent testicular cancer, as confirmed
by physical examination, imaging or histopathology.

Studies were only included if they reported enough information to
construct the full 2× 2 table of biomarker elevation (yes/no) versus
cancer recurrence (yes/no). Studies that reported data only for re-
current cases were therefore excluded. Combinations of AFP, HCG and
LDH (for example, studies that had deemed either raised AFP or HCG as
indicative of marker elevation) were considered. Studies that reported
biomarker data only at initial diagnosis or time of surgery, but not
subsequent surveillance, and prognostic studies, were also excluded. No
restriction was made on the period of follow-up.

Elevated biomarkers at the time of initial diagnosis of the primary
tumour are of prognostic value and form part of the International Germ
Cell Consensus Classification staging criteria [5]. Biomarker levels are
expected to normalise following orchiectomy and persistently elevated
levels suggest there may be residual disease. For clarity, we have se-
parated the prognostic role of biomarkers prior to treatment from their
application in the diagnosis of recurrence. In this review we included
only patients treated with curative intent and regarded biomarker

elevation during the surveillance period as a potential indicator of
disease recurrence.

We undertook independent duplicate screening of all citations
meeting the search criteria. Two reviewers (from BDN, NRJ and TRF)
screened the studies initially by title and abstract, and then by full-text
if required. Any disagreements were resolved by the third assessor. For
the studies that met all inclusion criteria, two reviewers independently
extracted the following information: age, tumour type, definition of
recurrence used, information about treatment received and the patient
pathway, the index test and the reference standard for confirming
cancer recurrence, including the thresholds used to define marker po-
sitivity, and the performance of biomarkers as indicators of recurrence
in the form of the full 2× 2 table relating marker positivity to recur-
rence. Again, discrepancies were resolved by discussion with the third
reviewer if required.

We assessed the included studies using the QUADAS-2 Revised Tool
for the Quality Assessment of Diagnostic Accuracy Studies [16]. This
was done in duplicate by two reviewers (BDN and TRF), with the final
assessment being either the consensus judgment or that agreed fol-
lowing additional discussion. As for the purposes of this review we do
not regard each of the QUADAS-2 domains or individual items to have
equal importance, rather than creating a summary score we present the
assessment separately for each included study, using Review Manager
5.3.

We had intended to carry out meta-analysis of the diagnostic ac-
curacy results to estimate pooled sensitivity and specificity, and present
the results in receiver operating characteristic space. After conducting
the search it became clear that this would be inappropriate because of
the high level of clinical heterogeneity of the included studies. We
therefore present the results from each study, including the estimated
sensitivity and specificity and 95% confidence intervals [17], stratified
by primary tumour type, together with a narrative summary, but do not
pool the diagnostic accuracy measures.

3. Results

After removing duplicates and reports that could be excluded by
automated title screening, the search identified 2406 studies for as-
sessment (Fig. 1). Of these, 113 required scrutiny of the full text, and
nine met the inclusion criteria [18–26]. Of the 104 studies excluded at
the final stage of screening, by far the most common reason for exclu-
sion was that the study did not report sufficient information in its re-
sults for the full 2× 2 table of biomarker elevation versus cancer re-
currence to be extracted or reconstructed. Often, the reason for this was
that biomarker levels were reported only for individuals who had dis-
ease recurrence, and not for those who were under surveillance but who
had not had a recurrence at the end of the study. Nine studies were
excluded at the final stage because they reported baseline or im-
mediately post-surgery marker levels, rather than levels during sur-
veillance, and eight were excluded because they did not consider cancer
recurrence. Other reasons for exclusion are shown in Fig. 1.

Among the included studies, the clinical characteristics of patients
varied widely. Studies considered patients with a primary diagnosis of
seminoma or NSGCT, or used a mixed group (Table 1). Some studies
reported a single stage of primary disease; others reported a mixed
group. Some studies indicated using an independent reference standard
for recurrence, but in several the reference standard was unclear. Most
studies reported recurrence on a ‘per patient’ basis, but some reported
‘per sample’ – allowing for the possibility of multiple recurrences per
patient and treating each negative biomarker result as a ‘true negative’.
Three studies reported results for LDH; the remainder reported AFP or
HCG. Cut-points for defining test positivity varied and in some studies
were not reported.

Methodological quality is summarised in accordance with QUADAS-
2 guidelines in Fig. 2. There were few applicability concerns, with
studies generally using an appropriate patient group, index test and
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reference standard to match the research question. Risk of bias was high
or unclear in at least one domain for each of the included studies. Two
major concerns relate to the consistency and timing with which the
reference standard (typically, an appropriate imaging modality) was
implemented to confirm or refute an elevation in biomarker levels as an
indicator of tumour recurrence. Although an inclusion criterion for this
review is that the reference standard be performed on both tumour
marker positive and tumour marker negative subjects, some studies
imply either the possibility of incorporation bias if tumour markers
were used directly as part of diagnostic criteria, or that the timing when
the reference standard was administered may have differed between
marker-positive and marker-negative patients. No studies reported
whether the reference standard was interpreted without knowledge of
biomarker results. Two studies reported patient drop-out, either for
unwillingness to comply with the follow-up protocol [25] or for reasons
that were not stated [18]. Two studies used elevation of at least one of
the biomarkers as an exclusion criterion without independent ver-
ification [25,26].

The high level of heterogeneity precluded a meta-analysis and
means it is difficult to draw any firm conclusions about the diagnostic
potential of these biomarkers for detecting recurrence. We therefore
summarise the findings of the eligible studies narratively. Numerical
results regarding diagnostic accuracy estimates are available in Table 1
and Appendix 2.

Three studies reported solely on patients for whom the primary
tumour was seminoma [23,25,26]. One found low sensitivity (50%) and
moderate specificity (73%) for LDH in the surveillance of a group of 55
patients with Stage I seminoma [25]. Those with elevated AFP were
excluded from the cohort. HCG and serum placental alkaline phos-
phatase (SLAP) were measured pre-operatively but not reported post-
operatively. The authors concluded that LDH was not an adequate
marker of recurrence in this patient group.

Another study reported HCG for a group of 151 patients with Stage
I–IV seminoma and found comparatively low sensitivity (57%) but high
specificity (99%), concluding that HCG may have a useful role in
monitoring irrespective of the level of this biomarker pre-operatively
[23]. Unusually, but in common with De Bruijn et al. [19], this paper
also presented longitudinal trends in the monitored HCG level for a
subset of patients in the post-operative period, but used a fixed 10 u/l
cut-off to define biomarker positivity. HCG was elevated in 7 of the 11
recurrences. Marker-positive recurrences occurred in patients with

stage I–IV disease and in patients both with and without initial marker
rise at time of diagnosis. The sample size (11 recurrences among 7
patients) may have been insufficient to incorporate the time trend into a
decision strategy.

The final study in this subgroup provided results on a group with
Stages I-III seminoma that could not be used for comparative purposes
as they were reported at a per-sample level rather than a per-patient
level, with an average of approximately four follow-up biomarker
measurement visits per patient [26]. HCG and LDH were the markers
most frequently used in follow-up. For HCG, they reported very high
specificity (98%) and low sensitivity (48%) with 90 positive results
among 2790 samples taken, 19 of which were in patients found to have
disease recurrence. Results were similar for LDH with 15 recurrences
among the 77 elevated results from a total of 2033 samples. Reported
specificity was again very high (97%) and sensitivity low (46%). Of 611
placental alkaline phosphatase (PLAP) samples taken, there were 92
positive results but only 6 of these patients had recurrent disease. All 6
patients with disease recurrence in whom PLAP was measured had a
positive result. The authors concluded that the combination of these
three tumour markers should be used in monitoring for recurrence of
seminoma to increase sensitivity, but highlight the high false positive
rate, particularly amongst PLAP values in smokers.

Three studies reported results for a mixed group of seminoma and
NSGCTs as the primary tumour [18,22,24]. The first of these is a short
paper dating from 1978 which, despite showing an apparently pro-
mising level of diagnostic accuracy, suffers from several methodological
limitations (Fig. 2), including lack of specification of the patient po-
pulation, index test and reference test, which limit its applicability
[18]. Two more recent studies demonstrate much lower sensitivity le-
vels, of 59% and 40%, for HCG and LDH respectively [22,24]. Speci-
ficity remains above 90% in both studies. However, at least one of these
studies appears likely to suffer from incorporation bias as biomarker
elevation explicitly formed part of the criteria for “active disease” [24],
while in the other the reference standard was not clearly stated [22].
Misclassification of the timing of recurrence therefore appears possible
in both studies.

Of the studies to report solely on patients with NSGCTs, two esti-
mate 100% specificity for AFP, although these use different cut-offs for
marker positivity and one combines Stage I-III tumours [19], while the
other considers Stage I tumours only [21]. One of these studies esti-
mates sensitivity at 36% [19] and the other at 100% [21], although the

Fig. 1. Study flowchart.

B.D. Nicholson et al. Cancer Epidemiology 59 (2019) 15–21

17



Ta
bl
e
1

Su
m
m
ar
y
of

re
su
lt
s
fr
om

in
cl
ud

ed
st
ud

ie
s
re
po

rt
in
g
da

ta
pe

r
pa

ti
en

t.

A
ut
ho

r
D
at
e
Sa

m
pl
e
si
ze

M
ed
ia
n

ag
e

St
ag
e
Tr
ea
tm

en
t
re
ce
iv
ed

.
D
efi

ni
ti
on

of
re
cu

rr
en

ce
.R

ef
er
en
ce

st
an

da
rd

A
FP

Se
ns
/s
pe

c
H
C
G

Se
ns
/s
pe

c
LD

H
Se

ns
/s
pe

c
C
om

bi
na

ti
on

s
Se

ns
/s
pe

c

SE
M
IN

O
M
A

Pa
us

19
87

n/
N
=

7/
15

1
37

ye
ar
s

St
ag
es

I-
IV

I-
II
:O

rc
,R

tA
bd

o.
II
I:
O
rc
,R

tC
he

st
A
bd

o
IV
:C

x,
R
t,
Su

rg
er
y.

N
ot

st
at
ed

N
ot

st
at
ed

N
R

A
t
10

u/
l

N
R

N
R

57
%

[2
5-

84
]

99
%

[9
5-

10
0]

vo
n
Ey

be
n
20

02
n/

N
=

10
/5

5
36

ye
ar
s

St
ag
e
1

Su
rv
ei
lla

nc
e

U
nc

le
ar

Ph
ys
ic
al

ex
am

in
at
io
n,

C
X
R
,C

T
an

d
ly
m
ph

an
gi
og
ra
ph

y
N
R

N
R

A
t
11

4
U
/L

N
R

50
%

[2
4-

76
]

73
%

[5
9-

84
]

SE
M
IN

O
M
A

an
d
N
SG

C
Ts

A
ig
in
ge

r
19

78
n/

N
=

21
/4

0
N
ot

st
at
ed

M
ix
ed

st
ag
e.

U
nc

le
ar
.

A
bd

o
ly
m
ph

no
de

s
/
m
et
as
ta
se
s
U
nc
le
ar

Th
re
sh
ol
d
no

t
st
at
ed

Th
re
sh
ol
d
no

t
st
at
ed

N
R

A
FP

or
H
C
G

86
%

[6
5-

95
]

10
0%

[8
4-

10
0]

86
%

[6
5-

95
]

95
%

[7
5-

99
]

10
0%

[8
5-
1]

95
%

[7
5-
99

]

Le
m
pi
äi
ne

n
20

08
n/

N
=

22
/3

62
N
ot

st
at
ed

St
ag
e
I-
II
I

O
rc

+
/-
R
t
+

/-
C
x
+

/-
R
LN

D
N
ot

st
at
ed

N
ot

st
at
ed

N
R

A
t
2
pm

ol
/l

N
R

N
R

59
%

[3
9-

77
]

94
%

[9
1-

96
]

V
en

ki
ta
ra
m
an

20
07

n/
N
=

13
/4

49
N
ot

st
at
ed

A
ll
st
ag
es

I:
Su

rv
ei
lla

nc
e
II
+

:“
tr
ea
tm

en
t”

A
ct
iv
e
di
se
as
e.

R
ad

io
lo
gi
ca
lo

r
pa

th
ol
og
ic
al

ev
id
en
ce

N
R

N
R

A
t
1.
5x

up
pe
r
lim

it
of

no
rm

al
N
R

40
%

[2
0-

64
]

91
%

[8
7-

93
]

N
SG

C
Ts

D
e
B
ru

ij
n
19

85
n/

N
=

22
/1

26
N
ot

st
at
ed

St
ag
es

I-
II
I
I:
O
rc

an
d
su
rv
ei
lla

nc
e.

II
:

ad
ju
va

nt
C
x.

II
I
–
co

m
bi
ne

d
C
x.

A
ct
iv
e
di
se
as
e
af
te
r
co

m
pl
et
e
re
m
is
si
on

.
C
X
R
,C

T
an

d
ec
ho

gr
ap

hy
A
t
20

μg
/l

A
t
2
μg
/l

N
R

A
FP

or
H
C
G

36
%

[2
0-

57
]

10
0%

[9
6-

10
0]

59
%

[3
9-

77
]

98
%

[9
3-

99
]

86
%

[6
7-
95

]
98

%
[9
3-
99

]

Fo
ss
å
19

94
n/

N
=

22
/1

02
N
ot

st
at
ed

St
ag
e
I
(L
ow

-r
is
k)

O
rc

an
d
su
rv
ei
lla

nc
e

U
nc

le
ar

C
T
C
he
st

an
d
A
bd

o.
N
R

N
R

N
R

A
t
A
FP

15
μg
/l

or
H
C
G

10
IU

/l
36

%
[2
0-
57

]
95

%
[8
8-
98

]
K
uo

19
99

n/
N
=

1/
5

30
ye
ar
s

St
ag
e
I

R
ad

ic
al

in
gu

in
al

O
rc

U
nc

le
ar

Ph
ys
ic
al

ex
am

in
at
io
n,

C
X
R
an

d
C
T

A
t
8.
5
ng
/m

l
A
t
10

IU
/l

N
R

N
R

10
0%

[2
1-

10
0]

10
0%

[5
1-

10
0]

0
%

[0
-

79
]

10
0%

[5
1-

10
0]

C
x:

ch
em

ot
he

ra
py

;R
t:
R
ad

io
th
er
ap

y;
O
rc
:O

rc
hi
de

ct
om

y;
R
PL

N
D
:R

et
ro
pe

ri
to
ne

al
Ly

m
ph

N
od

e
D
is
se
ct
io
n;

A
FP

:A
lp
ha

-f
et
op

ro
te
in
;C

I:
co

nfi
de

nc
e
in
te
rv
al
;C

T:
co

m
pu

te
d
to
m
og

ra
ph

y;
C
X
R
:c

he
st

X
-r
ay

;F
U
:f
ol
lo
w
-u
p;

H
C
G
:s

er
um

hu
m
an

ch
or
io
ni
c
go

na
do

tr
op

in
;N

SG
C
T:

N
on

-S
em

in
om

at
ou

s
G
er
m

C
el
l
Tu

m
ou

r;
n/

N
:s

am
pl
e
si
ze
,w

ri
tt
en

as
nu

m
be

r
of

re
cu

rr
en

ce
s/
to
ta
l
nu

m
be

r
of

pa
ti
en

ts
.

B.D. Nicholson et al. Cancer Epidemiology 59 (2019) 15–21

18



second of these has a wide confidence interval owing to its small sample
size (1 recurrence in 5 patients) and suffers from methodological con-
cerns relating to the specification of the reference standard. Sensitivity
is increased to 86% in De Bruijn et al. [19], with little adverse effect on
specificity, by considering a combined biomarker of AFP and HCG.
However, when a similar combination was considered in a purely Stage
I group, the sensitivity was much lower (36%) [20].

The available data were not sufficient to make a quantitative as-
sessment of the extent of publication bias. However, the methodological
concerns stated above imply that publication bias may substantially
affect the quality of the research in this area. Many studies appeared not
to pre-specify which biomarkers they would report, and this decision
may therefore have been based on observed results, which may in turn
have influenced the chance of publication. For example, some studies
did not report on more than one biomarker even though it appears
likely that multiple biomarkers were measured as part of the routine
surveillance strategy for recurrence detection, given these biomarkers
are thought to be associated with development of the primary tumour.

4. Discussion

Our review underlines the paucity of evidence underpinning the
inclusion of AFP, HCG, and LDH in international guidelines for the
surveillance of testicular cancer recurrence [7]. The heterogeneity of
the included studies, small sample sizes and the lack of contemporary
data preclude any firm conclusions about the accuracy of these bio-
markers to detect recurrent testicular cancer. The current literature,
therefore, remains inadequate to determine whether there is a subgroup
of patients under surveillance for recurrent disease for which a follow-
up strategy based on biomarkers (alone, or in combination) could
provide an alternative cost-effective means of reducing the intensity of
follow-up investigations and hospital episodes included in con-
temporary multi-modal follow-up.

A general observation is that the specificity of AFP or HCG alone is
typically high (90–100%) and, except for some small studies, the sen-
sitivity is much lower, implying that many recurrences would be missed
(false negatives) using biomarker assessment alone at the cut-point
adopted. The specificity and sensitivity of LDH appeared low in the
three studies that reported it [24–26]. The limited data may support the
use of biomarkers in combination, as together AFP and HCG appear to
have higher sensitivity and lower specificity for seminoma and NSGCT
recurrence than when used individually. Marker expression varies be-
tween NSGCTs, reflecting the histological heterogeneity of these tu-
mours, so using a combination of biomarkers may increase rates of
detection. However, no evidence was found for the use of LDH in
combination with AFP and HCG in relation to any tumour type. LDH is
a ubiquitous enzyme, and rises are also seen in other sources of tissue
damage, such as inflammation [27].

The lack of evidence on the most efficient multimodal follow-up
schedule has been highlighted before [9,28]. The resultant variation in
follow-up intensity and composition between institutions is often de-
pendent on judgements based on primary tumour stage, histological
composition and treatment history [8,9,29,30]. Following concerns
over the risks of serial imaging and the financial burden caused by
frequent diagnostic evaluations, research into more efficient follow-up
is now taking place. Evidence from a randomized controlled trial led to
the recommendation to reduce CT frequency from five times to twice
per year in years 1–2 of NSGCT follow-up [31,32]. Physical examina-
tion has been shown to provide little additional clinical information
when used alongside CT [31]. A recent retrospective analysis of two
follow-up cohorts led to the recommendation that, in the context of
timely cross-sectional imaging, chest radiographs no longer add any
value in the routine surveillance of stage I testicular cancer [14].
However, it remains unclear from the literature what is the incremental
value in using biomarkers in addition to cross-sectional imaging: studies
from the early 1980’s are cited to justify the necessity for biomarkers to

Fig. 2. Assessment of methodological quality.
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avoid false-negative CT examinations [29,33–35]. Although imaging
techniques have improved since that time and more recent papers have
been published looking at biomarker levels at time of recurrence [36],
we retrieved no studies examining the role of biomarkers in relation to
modern cross-sectional imaging techniques such as Positron Emission
Tomography (PET-CT), that has shown greater sensitivity and specifi-
city for detecting active disease than conventional CT [6].

Some authors have called for routine surveillance of tumour mar-
kers to be discontinued given the minimal evidence for detecting early
recurrence [37], although it is important to emphasise also that lack of
published evidence does not necessarily imply lack of utility as seen
from direct clinical experience. Nevertheless, tumour markers continue
to be recommended on the basis that they will infrequently identify
recurrent disease which might otherwise have been missed, despite the
fact the cost implications and false positive rates remain poorly defined
[38]. A less intensive, evidence-based, multimodal follow-up strategy in
primary care could reduce health care costs, potential harms of over-
testing, and the patient anxiety associated with hospital follow-up.

In addition to the development of superior cross-sectional imaging
techniques researchers have sought to develop superior biomarkers to
overcome the limitations of the three commonly used biomarkers AFP,
HCG and LDH. Ideally these would not only have greater sensitivity and
specificity but also respond consistently to disease burden and treat-
ment, helping to differentiate between tumour types, such as seminoma
and NSGCTs. Markers that have been studied include PLAP, neuron-
specific enolase (NSE), TRA-1-60, cell-free circulating DNA, lectin re-
active AFP and a range of single and panels of microRNAs [6,10]. A
recent prospective study of microRNA miR-371a-3p in 166 patients
with GCT found the marker to be elevated in all nine participants with
relapsing disease, outperforming the other markers studied such as AFP
and bHCG [39]. Whilst these novel markers are promising alternatives,
the current evidence-base for these techniques is lacking to support
their routine use in detecting testicular cancer recurrence. Compre-
hensive diagnostic accuracy studies comparing these techniques with
the tumour markers included in this review would help determine their
future role in the management pathway [6].

By following Cochrane diagnostic test accuracy guidance we in-
cluded only studies reporting a complete 2× 2 table. In doing so we
excluded a considerable number of studies reporting only sensitivity
data. Some of these studies have historically been used to inform tes-
ticular cancer follow-up guidelines [7,8,29]. In this regard, our results
challenge conventional opinion in this setting.

The several important limitations of studies published in this field
must be restated here to improve future evaluations of biomarker per-
formance. Firstly, many studies report biomarker results only in pa-
tients who develop recurrence, precluding the estimation of false po-
sitive rates and specificity. Incomplete reporting is recognised as an
important source of bias and waste in diagnostic accuracy research
[40,41]. For example, selection bias leads to overestimation of sensi-
tivity and specificity when consecutive or randomly selected patients
are not included [11]. Furthermore, partial verification bias leads to an
overestimation of sensitivity with a variable effect on specificity when a
non-random selection of patients do not undergo the reference stan-
dard. In the studies included in this review, confirmatory testing was
commonly only conducted for patients with biomarker elevation. This
approach risks non-secreting tumours being misclassified as negatives,
inflating specificity estimates. We generally found little analysis of the
outcome in those with marker negative results, whilst in general the
reported positive marker results were well in excess of the cut-off used.
This is a particular concern when studies report ‘per sample’ data in
patients with serial testing and compare this with ‘per patient’ data.
Although a ‘per-sample’ clearly reflects the way a surveillance strategy
is implemented in practice, per-sample information has limited value:
the apparent specificity is substantially inflated, as the majority of pa-
tients, for whom recurrence does not occur during the follow-up period
contribute multiple ‘true negative’ biomarker measurements. The

resulting very high sensitivity and specificity estimates reported in the
Weissbach et al. paper therefore have limited clinical validity [26].
Conversely, a more detailed analysis of false positive results would be
required to understand the role of other malignancies or benign con-
ditions that can also cause marker elevation, to avoid over-investigation
by establishing thresholds specific to testicular tumour recurrence.

Finally, only three studies reported a single tumour type and stage,
whereas in clinical practice follow-up schedules vary based on tumour
characteristics and treatment received; we found no evidence to sup-
port the frequency of biomarker testing, with some papers reported
results for biomarker rise at any point during follow-up, allowing the
possibility of delays before confirmatory testing; and we cannot de-
termine the relationship between tumour marker rise and symptom
onset, making it impossible to know how much earlier recurrent tu-
mours are detected by current surveillance strategies.

Our results demonstrate a clear opportunity for research to inform
the ongoing use of biomarkers for testicular cancer surveillance.
Ideally, studies could include existing retrospective cohorts of con-
secutive patients enrolled onto routine surveillance or prospective co-
horts could be set-up for this purpose. Data capture should include
details including the timings of symptoms, clinical evaluation, bio-
marker measurements and imaging in relation to the diagnosis of re-
currence. For these data to be included in future diagnostic accuracy
reviews, researchers should endeavor to at least report individual 2×2
tables for each biomarker and biomarker combination in relation to an
appropriate reference standard for testicular cancer recurrence. The
publication of individual patient data would also allow future meta-
analysis to determine optimal biomarker thresholds for each recurrent
tumour type, biomarker performance in relation to other investigative
modalities, and the investigation of the value of biomarker trend over
and above fixed biomarker thresholds.

5. Conclusions

Having systematically reviewed the available literature, we found
surprisingly little evidence to guide optimal testing with biomarkers
routinely used during follow-up for testicular cancer recurrence.
Without these data, no definitive conclusions can be made about the
appropriateness of testing intervals, biomarkers, biomarker cut-points,
or patient groups. Data from existing or novel follow-up cohorts should
be analysed to inform the most appropriate biomarker testing strategy
and how this relates to the performance of modern-day imaging tech-
niques. The quality of the conduct and reporting of diagnostic accuracy
studies in this field must vastly improve to facilitate future meta-ana-
lysis.
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