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BACKGROUND: Both testicular germ cell tumours (TGCT) and neurodevelopmental disorders are associated with urogenital
malformations. Few studies have investigated the association between psychiatric disorders and TGCT. We investigated whether
history of any psychiatric or neurodevelopmental disorder is associated with increased risk or mortality of TGCT.

METHOD: This is a nested case-control study including 6166 TGCT patients diagnosed during 1992-2014, individually matched for
age and calendar period to 61,660 controls. We calculated odds ratios (ORs) for the association between type of psychiatric
diagnoses and TGCT risk. Among the cases, we used a cohort design and calculated hazard ratios (HRs) of the association between

psychiatric diagnose and all-cause and TGCT-specific death.

RESULTS: History of a neurodevelopmental disorder (attention deficit hyperactivity disorder, autism spectrum disorder and
intellectual disabilities) was associated with an increased risk of seminoma (OR: 1.54; 1.09-2.19). Seminoma patients with
neurodevelopmental disorders were younger (34 versus 38 years, p = 0.004) and had more stage IV disease (5.4% versus 1.2%) than
those without. Psychiatric history overall was not associated with TGCT. Patient history of any psychiatric disorder was associated

with an increased all-cause and TGCT-specific death.

CONCLUSIONS: We report an association between neurodevelopmental disorders and testicular seminoma, and an increased
TGCT-specific mortality for TGCT patients with psychiatric disorders.
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INTRODUCTION
Testicular cancer is the most common cancer in young men, with an
incidence in Sweden of 7.4/100,000 [1]. The incidence increases in
Europe and several other parts of the world [2, 3]. Ninety-five percent
of all testicular cancers are testicular germ cell tumours (TGCT), of
which 55-60% are seminomas and 40-45% non-seminomas [4].

The cause of testicular cancer is not known, but some risk
factors have been identified, including cryptorchidism, hypospa-
dias, inguinal hernias, previous testicular cancer and family history
of testicular cancer [4]. TGCT have a high heritability and genome-
wide association studies have identified common variation
associated with TGCT susceptibility, which is estimated to account
for up to 44% of the disease heritability [5]. Furthermore, low birth
weight and short gestational age seem to be associated with an
increased risk of TGCT [6]. Some risk factors during adolescence
and adulthood have also been described, such as having an
occupation as a fire-fighter, working with aircraft maintenance [7]
and marijuana smoking [8].

There are indications that the first steps of TGCT oncogenesis
occur in utero and it has been hypothesised that cryptorchidism,

hypospadias, poor semen quality and TGCT form part of a
testicular dysgenesis syndrome with a common origin in fetal life
[9, 10]. Both cryptorchidism and hypospadias have been
associated with neurodevelopmental disorders such as autism
spectrum disorder (ASD), attention deficit hyperactivity disorder
(ADHD) and intellectual disabilities (ID) and other behavioural/
emotional disorders with onset in childhood [11, 12]. Furthermore,
ASD, ADHD and ID share some of the risk factors of TGCT, for
example, low birth weight [13, 14]. Moreover, a recent study by Liu
et al. [15] investigated the prevalence of neurodevelopmental
disorders in paediatric patients with intracranial germ cell tumours
and found an association between ASD and pure germinomas.

Few studies have investigated the association between psychiatric
disorders and TGCT. One previous study showed that patients with
schizophrenia had a lower risk for testicular cancer [16].

The prognosis of TGCT is currently excellent, but some
individuals present with a widely disseminated disease, requiring
extensive treatment to be cured [4]. For other malignancies,
patients with psychiatric disorders are more often diagnosed with
advanced stage [17, 18]. Patients with severe psychiatric disorders
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may also have difficulties accepting cancer treatments [18]. One
previous study of TGCT patients showed that a history of
psychiatric disorders was associated with worse overall survival
(0S) [19].

Our aim was to investigate if history of any neurodevelop-
mental or other psychiatric disorder is associated with increased
risk of TGCT and increased mortality. We had two a priori
hypotheses based on clinical observations. Firstly, we hypothe-
sised that psychiatric disorders, specifically neurodevelopmental
disorders such as ASD, ADHD and ID, are associated with an
increased risk of developing TGCT. Secondly, we hypothesised
that psychiatric disorders overall are associated with poorer TGCT
prognosis.

MATERIALS AND METHODS

Study design

We first used a nested case-control study design to assess the risk of TGCT.
We then used a cohort study design to investigate the associations
between a history of psychiatric disorders and prognosis among the TGCT
patients (i.e. among the cases in the case-control study).

Study population

We included all patients diagnosed with TGCT in Sweden during the years
1992-2014 as cases (Fig. 1). The cases were identified from the Swedish
Cancer Register using ICD-9 (186) and ICD-10 (C62), and ICD-0/3.2 (SNOMED/
C24 codes, Table S1) and were individually matched for age and calendar
period of diagnosis with 10 cancer-free controls each. The controls were
identified from the Total Population Register. Mortality data were retrieved

1992

Nested case-control study investigation risk of TGCT

2014

»
»

Cases identified from the Swedish Cancer Register
Non-seminoma and seminoma patients between 1992 and 2014, n = 6166
Controls identified from the Total Population Register matched on age and calendar year, n = 61,660

Psychiatric comorbidity data from NPR

l

For adjustment: sociodemographic data
and education status from LISA

For adjustments: surgical operation of
cryptorchidism identified in the register
of procedures (part of the NPR)

!

Non-seminoma Seminoma Age and calendar year matched
(n=2591) (n=3575) = g controls
(n=25,910 for non-seminoma)
(n= 135,750 for seminoma)
No Any No Any
psychiatric psychiatric psychiatric psychiatric
diagnosis diagnosis diagnosis diagnosis
n=2371 n=220 n=23250 n=325

Mortality data from the Cause of Death Register

|
Clinical data from the SWENOTECA register

l

specific survival in patients only, stratified by
history of psychiatric diagnosis

Case series investigating all-cause and TGCT-

Fig. 1

Flowchart describing data extraction from the Swedish registers and creation of the two cohorts under study. First, we have a

case-control design for the aetiological results and a case series (grey box), for the survival results. The number of patients and controls are
indicated, and also stratified by subtype and history of psychiatric comorbidity or not. TGCT testicular germ cell tumour, NPR National Patient
Register, LISA Longitudinal Integrated Database for Health Insurance and Labour Market Studies, SWENOTECA Sweden Norway Testicular

Cancer Group.
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from the Swedish Cause of Death Register. TGCT-specific mortality was
defined as death due to TGCT as a main or contributing cause of death.

Exposures

Data on history of psychiatric diagnoses were retrieved from the
nationwide Swedish Patient Register. The Swedish Patient Register
includes all in-patient care, and since 2001 also outpatient physician
consultations including psychiatric care from both public and private
caregivers. History of any psychiatric disorder was defined as having any
ICD9 diagnosis of 290-319 (1992-1996) or any ICD10 diagnosis of FO0-F99
(after 1997). Diagnoses of psychiatric disorders were identified up until six
months prior to the TGCT diagnosis for the cases and index date for the
controls. The psychiatric disorders were stratified according to subtype into
six categories: Psychotic disorders, Mood and anxiety disorders, Sleep
disorders, Eating and personality disorders, Neurodevelopmental disorders
and Substance misuse (Table S2).

Although a wide range of psychiatric disorders can be considered
neurodevelopmental, we used the term neurodevelopmental disorders to
describe this using DSM-5, i.e. ASD (299 or F84 according to ICD9 or ICD10,
respectively), ADHD (314 or F90) and ID (317-319 or F70-79). According to
DSM-5, communication disorders, specific learning disorders and motor
disorders are also classified as neurodevelopmental disorders [20], but data
on these disorders were not available.

Covariates

Sociodemographic data were extracted from LISA, the Longitudinal
Integrated Database for Health Insurance and Labour Market Studies at
Statistics Sweden. The information was retrieved one year prior to the
index year for the majority of cases and controls. Level of education was
classified into three categories: 9 or less years of school, 10-12 years of
school, or more than 12 years of school.

Clinical stage was defined according to Royal Marsden, modified [21].
Details of clinical stage were available from years 2000 and onwards and
were identified from the Swedish Testicular Cancer Register held by the
SWENOTECA-group. Patients in the study were treated according to the
guidelines in the SWENOTECA protocols [22].

History of cryptorchidism was defined as having undergone a surgical
correction and the information on operation of cryptorchidism was
retrieved from the register of procedures, which is part of the National
Patient Register. History of any unspecified congenital malformation was
also retrieved from the National Patient Register (Table S2). Data on
specific congenital malformations (e.g. hypospadias and unoperated
cryptorchidism) was not available.

Statistical analyses

We used conditional logistic regression (conditioned for age and calendar
year) to estimate odds ratios (ORs) with 95% confidence intervals (Cls) for
the association of psychiatric diagnoses with TGCT, overall and stratified by
histopathological subgroup (seminoma and non-seminoma). We con-
structed a multivarible model adjusting for education, congenital
malformations and cryptorchidism.

Thereafter, we used Kaplan—Meier failure curves and cumulative incidence
functions to visualise the differences in mortality. Cox regression models
were used to estimate hazard ratios (HRs) and 95% Cl to assess the
association between psychiatric comorbidity and all-cause and TGCT-specific
mortality. We constructed two multivariable models, in the first model we
adjusted for age, index year and education, the second model was further
adjusted for cancer stage. In a sensitivity analysis educational level was left
out of the model, and the results remained essentially unchanged. Due to
limited statistical power, since there were few deaths, it was not possible to
separately analyse mortality for different subtypes of psychiatric disorders.
Follow-up started on the date of diagnosis, and ended on the date of death
or administrative censoring (December 31, 2018) in all-cause mortality
analyses. In analyses of TGCT-specific mortality, patients were followed from
date of diagnosis until death with the underlying cause of death recorded as
TGCT as the outcome event, with censoring at death due to other causes, or
to administrative end of follow-up (December 31, 2017). Statistical analyses
were performed using the SAS 9.4 (SAS Institute, Cary, NC) software.

RESULTS
We included 6166 TGCT patients, of whom 2591 were diagnosed
with non-seminoma and 3575 with seminoma, and 61,660
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matched controls (Table 1). As expected, history of cryptorchidism
was more prevalent among patients than controls.

Risk of TGCT in patients with psychiatric disorders
A history of any psychiatric disorder overall was present in 8.8% of
the patients and 8.3% of the controls indicating no significant
increased risk of TGCT (OR 1.06; 95% Cl 0.96-1.17, Table 2).
Comparing TGCT overall to controls revealed no statistically
significant differences in proportions of psychiatric disorders. This
was also the case for the subgroup of non-seminoma patients.
However, neurodevelopmental disorders were seen among
1.1% of the seminoma patients and among 0.7% of their controls
and psychotic disorders were seen among 0.6% of the seminoma
patients and among 1.0% of their controls. History of a
neurodevelopmental disorder was associated with an increased
risk of seminoma (OR 1.54; 95% Cl 1.09-2.19) whereas a history of
a psychotic disorder was associated with a decreased risk of
seminoma (OR 0.62; 95% Cl 0.40-0.96) (Table 2).

Age at diagnosis

Median age at diagnosis was 29 years for non-seminoma patients
overall and 23 years for non-seminoma patients with neurodeve-
lopmental disorders (Wilcoxon-Mann-Whitney test p <0.001,
Table S3). Median age at diagnosis was 38 years for seminoma
patients overall and 34 years for seminoma patients with
neurodevelopmental disorders (p = 0.004, Table S4).

Stage at diagnosis

Stage IV cancer was seen in 5.4% of the seminoma patients with a
neurodevelopmental disorder and in 1.2% of those with no
psychiatric disorders (Table S4). A significant difference in stage
distribution overall was noted for seminoma patients (Fisher's
exact test p = 0.036), but not for non-seminoma patients (Fisher's
exact test p =0.264).

Mortality

The all-cause mortality among patients with seminoma and non-
seminoma was increased for patients with a history of any
psychiatric disorder compared to patients with no history of
psychiatric disorders (Fig. 2). This persisted when adjusted for age,
index year, education and when further adjusted for cancer stage
both in patients overall (HR 2.91; 95% Cl 2.11-4.02), and when
stratified by subgroup in non-seminoma patients and seminoma
patients (Table 3).

Furthermore, the TGCT-specific mortality was increased among
patients overall with history of any psychiatric disorder (HR 1.79;
95% Cl 1.04-3.08). Stratified by subgroup, the TGCT-specific
mortality was increased among seminoma patients with a history
of any psychiatric disorder (HR 3.12; 95% Cl 1.19-8.17, adjusted for
stage), but not among non-seminoma patients with such history
(Table 3 and Fig. 3).

Sensitivity analyses

Since the Swedish Patient Register also started to record outpatient
visits from year 2001 and onwards, stratified analyses by calendar
period were conducted (Table S5). The association between
seminoma and neurodevelopmental disorders remained when
excluding patients before 2001 (HR 1.52 95% ClI 1.06-2.19) but the
inverse association between seminoma and psychotic disorders was
no longer significant (HR 0.69 95% Cl 0.42-1.13) (Table S6). The all-
cause and TGCT-specific mortality remained significantly increased
in analyses restricted to index year 2001 (Overall HR 2.83 95% Cl
1.98-4.05 and HR 2.12 95% Cl 1.19-3.77, respectively) (Table S7).

DISCUSSION
Having a history of a neurodevelopmental disorder, such as ASD,
ADHD and ID, was associated with an increased risk of seminoma
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Table 2. Odds ratios for the risk of testicular germ cell tumour by history of psychiatric disorders.
Exposure N subjects (% exposed) Model®
Cases Controls Odds ratio (95% Cl) p value
Overall
Any psychiatric diagnosis 545 (8.8) 5132 (8.3) 1.06 (0.96-1.17) 0.22
Psychotic disorders 45 (0.7) 529 (0.9) 0.85 (0.62-1.15) 0.29
Mood and anxiety disorders 214 (3.5) 2282 (3.7) 0.93 (0.80-1.07) 0.32
Sleep disorders 9 (0.1) 88 (0.1) 1.04 (0.52-2.07) 0.91
Eating and personality disorders 42 (0.7) 416 (0.7) 1.01 (0.74-1.39) 0.94
Neurodevelopmental disorders 70 (1.1) 547 (0.9) 1.21 (0.93-1.56) 0.16
Intellectual disabilities 24 (0.4) 173 (0.3) 1.13 (0.72-1.77) 0.58
ADHD 32 (0.5) 252 (0.4) 1.27 (0.88-1.85) 0.20
ASD 21 (0.3) 204 (0.3) 0.97 (0.62-1.54) 0.91
ADHD or ASD 48 (0.8) 413 (0.7) 1.14 (0.84-1.55) 0.39
Substance misuse 202 (3.3) 1924 (3.1) 1.07 (0.92-1.24) 0.39
Non-seminoma
Any psychiatric diagnosis 220 (8.5) 2066 (8.0) 1.02 (0.88-1.18) 0.79
Psychotic disorders 24 (0.9) 181 (0.7) 1.25 (0.82-1.93) 0.30
Mood and anxiety disorders 81 (3.1) 904 (3.5) 0.86 (0.68-1.09) 0.22
Sleep disorders 3(0.1) 35 (0.1) 0.85 (0.26-2.77) 0.79
Eating and personality disorders 17 (0.7) 172 (0.7) 0.94 (0.57-1.56) 0.82
Neurodevelopmental disorders 31 (1.2) 295 (1.1) 0.91 (0.62-1.34) 0.64
Intellectual disabilities 12 (0.5) 91 (0.4) 0.99 (0.53-1.87) 0.99
ADHD 16 (0.6) 139 (0.5) 1.08 (0.64-1.82) 0.79
ASD 8 (0.3) 115 (0.4) 0.60 (0.29-1.24) 0.17
ADHD or ASD 21 (0.8) 226 (0.9) 0.84 (0.53-1.33) 0.47
Substance misuse 86 (3.3) 752 (2.9) 1.11 (0.88-1.40) 0.36
Seminoma
Any psychiatric diagnosis 325 (9.1) 3066 (8.6) 1.08 (0.96-1.22) 0.20
Psychotic disorders 21 (0.6) 348 (1.0) 0.62 (0.40-0.96) 0.034
Mood and anxiety disorders 133 (3.7) 1378 (3.9) 0.97 (0.81-1.17) 0.75
Sleep disorders 6 (0.2) 53 (0.1) 1.17 (0.50-2.73) 0.71
Eating and personality disorders 25 (0.7) 244 (0.7) 1.06 (0.70-1.60) 0.79
Neurodevelopmental disorders 39 (1.1) 252 (0.7) 1.54 (1.09-2.19) 0.015
Intellectual disabilities 12 (0.3) 82 (0.2) 1.28 (0.68-2.42) 0.45
ADHD 16 (0.4) 113 (0.3) 1.47 (0.87-2.49) 0.15
ASD 13 (0.4) 89 (0.2) 1.50 (0.83-2.71) 0.18
ADHD or ASD 27 (0.8) 187 (0.5) 1.50 (0.99-2.26) 0.05
Substance misuse 116 (3.2) 1172 (3.3) 1.03 (0.85-1.25) 0.76

ADHD attention deficit hyperactivity disorders, ASD autism spectrum disorders.

Significant associations are indicated in bold.

#Model: conditioned on matching set (age and calendar year) and further adjusted for education, and congenital malformation or surgery for cryptorchidism.

whereas a history of a psychotic disorder was associated with a
decreased risk of seminoma. In addition, in comparison to patients
without psychiatric comorbidity, both the all-cause mortality and
the TGCT-specific mortality were increased for patients with a
history of psychiatric disorders. Due to insufficient number of
patients, it was not possible to separately analyse mortality in the
group of patients with neurodevelopmental disorders. We found
no association between history of psychiatric disorders, including
neurodevelopmental disorders, and risk of TGCT overall.

Only one previous study has investigated the prevalence of
neurodevelopmental disorders in patients with germ cell tumours,
and this study investigated paediatric patients with intracranial
germ cell tumours (n=111). They found an ASD prevalence

British Journal of Cancer (2023) 128:2261-2269

among patients with pure germinoma that was estimated to be
more than threefold higher than the national prevalence estimate
[15]. This discrepancy in ASD prevalence was not seen among
patients with intracranial non-germinomatous germ cell tumours.
Since intracranial pure germinomas are histologically identical to
seminomas of the testis [23], this accords with our results positing
an association between seminomas and neurodevelopmental
disorders. The ADHD prevalence among both pure germinoma
and non-germinomatous germ cell tumours, was in line with the
current estimated ADHD prevalence rate.

Furthermore, in a recent study by Liu Q et al. [24] the risk of
testicular cancer among patients with ASD was slightly, but not
significantly, increased (OR 1.4; 95% Cl 0.8-2.3). However, they did
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a Non-seminoma — all-cause mortality
40% -
30% -
20% -
10% - -
0% -
T T T T T T
0 5 10 15 20 25
Follow-up years
——— Psychiatric diagnosis 220 (21) 176 (5) 87 (20 48 (0 26 (1) 7
----- No psychiatric diagnosis 2371 (99) 2122 (19) 1527 (12) 995 (11) 518 (10) 124
b Seminoma — all-cause mortality
40%
30% -
20% -
10% -
0% -

0 5 10 15 20 25
Follow-up years
Psychiatric diagnosis 325 (24) 269 (7) 136 (9) 67 (6) 40 (5) 9
----- No psychiatric diagnosis 3250 (75) 2976 (39) 2107 (61) 1304 (42) 664 (21) 162

Fig. 2 All-cause mortality in patients with and without prior psychiatric disorders. Kaplan—-Meier failure curves for all-cause mortality
in patients with non-seminoma (a) and seminoma (b) with psychiatric diagnosis (solid line) and without history of psychiatric diagnosis

(dashed line).

disorders, adjust for
seminoma and non-

not study other neurodevelopmental
malformations or present results for
seminoma patients separately.

Previous studies have found associations between TGCT and
urogenital malformations [25, 26] and between urogenital
malformations and neurodevelopmental disorders such as ASD
and ADHD [11, 12]. Since our results between neurodevelop-
mental disorders and seminoma remained when adjusted for
cryptorchidism and congenital malformations, this could indicate
that there are other possible shared risk factors than these, or a
shared susceptibility between TGCT and neurodevelopmental
disorders. Interestingly, seminoma patients with neurodevelop-
mental disorders in our study were diagnosed at an earlier age,
and at a more advanced stage, compared to patients without such
comorbidity, potentially indicating an earlier penetrance of the
disease in these patients.

Neurodevelopmental disorders, such as ASD, ADHD and ID, are
complex and multifactorial and can be a result of both genetic and

environmental factors [13, 27, 28]. There is support for these
diagnoses to be grouped together due to their clinical course,
prominent early onset neurocognitive deficits, their typically
multifactorial origin and the high level of overlap between these
disorders and their constituent symptom dimensions [20]. Possible
shared risk factors between these disorders and TGCT could be
genetic, and there are studies that have found an overlap in risk
genes for ASD and for cancer. Altered regulation of the RAS/MAPK
and PI3K/AKT/mTOR pathways are e.g. associated with autism and
other neurodevelopmental disorders, and with the development
of cancer [29-31] and alterations in these pathways are also
involved in the development of TGCT [32, 33]. Furthermore,
alterations in oestrogen and/or androgen levels in the in-utero
environment are thought to be a factor in both the development
of TGCT [34] and in influencing the development of the nervous
system [35]. A connection between endocrine disruptors and
TGCT [36, 37], and similarly an association between endocrine
disruptors and neurodevelopmental disorders [38] has been
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Table 3. Risk of all-cause mortality and testicular germ cell tumour-specific mortality overall and by subgroups with and without history of
psychiatric diagnosis (hazard ratios with 95% confidence intervals).
Group N events/N (%) Mortality rate (95% Cl) per 1000 PY Model | HR Model Il HR
(95% CI) (95% Cl)
Psychiatric No psychiatric Psychiatric No psychiatric
diagnosis diagnosis diagnosis diagnosis
All-cause mortality
Overall 80/545 (14.7%) 393/5621 (7.0%) 4.2 (3.3-5.1) 2.1 (1.8-2.3) 2.21 (1.71-2.85) 291 (2.11-4.02)
Non-seminoma 29/220 (13.2%) 151/2371 (6.4%) 4.3 (2.7-5.9) 2.1 (1.8-2.5) 1.99 (1.31-3.03) 2.57 (1.60-4.11)
Seminoma 51/325 (15.7%) 242/3250 (7.4%) 4.1 (3.0-5.3) 2.0 (1.7-2.2) 2.63 (1.90-3.64) 3.33 (2.10-5.29)
TGCC-specific mortality
Overall 24/545 (4.4%) 133/5621 (2.4%) 4.6 (2.8-6.5) 1.9 (1.5-2.2) 1.76 (1.13-2.76) 1.79 (1.04-3.08)
Non-seminoma 14/220 (6.4%) 87/2371 (3.7%) 6.8 (3.2-10.3) 2.9 (2.3-3.5) 1.65 (0.92-2.96) 1.50 (0.77-2.94)
Seminoma 10/325 (3.1%) 46/3250 (1.4%) 3.2 (1.2-5.2) 1.1 (0.8-1.4) 2.76 (1.36-5.60) 3.12 (1.19-8.17)

Model I: Adjusted for age, index year, and education; Model Il: Model | and further adjusted for cancer stage (CS I, CS Il + CS Mk+, CS Il 4 CS V).

Significant associations are indicated in bold.
HR hazard ratios, PY person years.

a Non-seminoma — TGCT-specific mortality
10%
80/0 |
6%
4%
2%
0%
T T T T T T
0 5 10 15 20 25
Follow-up years
Psychiatric diagnosis ~ ————- No psychiatric diagnosis
b Seminoma — TGCT-specific mortality
10%
8%
6%
4% +
2%
0%

0 5 10 15 20 25
Follow-up years

Psychiatric diagnosis =~ ————- No psychiatric diagnosis

Fig. 3 Testicular germ cell tumour-specific mortality in patients
with and without prior psychiatric disorders. Cumulative incidence
function using non-testicular cancer mortality as competing event
for cause-specific testicular cancer mortality in patients with (a) non-
seminoma and (b) seminoma with and without history of psychiatric
diagnosis.
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suggested. Both the incidence of TGCT and the incidence of
neurodevelopmental disorders are increasing, and there are
theories that this could partly be due to exposure to endocrine
disruptors [36-38].

We also found an inverse association between seminoma and
patient history of psychotic disorders. Similarly, Mortensen et al.
showed that a lower risk of TGCT was seen among patients with
schizophrenia [16]. Although there are studies that show a lower
risk of several types of cancer among patients with schizophrenia
[39, 40], few other studies have investigated the risk of TGCT
specifically. One study by Ji et al. [40] found a generally lower
cancer risk among patients with schizophrenia, but not among
their TGCT patients. There are hypotheses regarding a genetic
cause of the decreased risk of cancer among these patients
[39, 41], for example, reduced activation of the above mentioned
PI3K/AKT/mTOR pathway seems to be associated with schizo-
phrenia [30, 42]. Another hypothesis has been that antipsychotic
drugs could have a protective effect [43].

Somewhat unexpectedly, we only found statistically significant
results for seminoma and not for non-seminoma patients.
Although the causes of seminoma and non-seminoma are largely
considered to be the same [44, 45], there are studies that suggest
that some risk factors are more strongly associated with
seminoma or non-seminoma [44], which may provide part of
the explanation to our findings.

It has previously been reported that patients with psychiatric
disorders have an increased all-cause mortality compared to the
general population [46]. In the only study we could find
investigating the prognosis among TGCT-patients with a history
of psychiatric disorders, Kishimoto et al. [19] reported a decreased
OS among TGCT-patients with a history of severe psychiatric
disorders, which is consistent with our results. Kishimoto et al. did
not find significantly decreased cancer-specific survival among
patients with severe psychiatric disorders, however, they did not
study seminoma and non-seminoma separately. Moreover, their
study included only patients with severe psychiatric disorders, and
consequently did not include patients with, e.g. neurodevelop-
mental disorders.

Patients with psychiatric disorders tend to seek medical
attention later than other patients [17, 18]. Thus, the stage
distribution could contribute to the worse prognosis among these
patients in our study. However, this cannot be the sole
explanation since our findings of increased TGCT-specific mortality
among patients with psychiatric disorders remained even when
adjusted for stage. Another possible explanation to the worse
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prognosis among these patients could be difficulties in taking part
in cancer treatment.

In a recent study by Chang et al. [47], testicular cancer patients
had the highest cumulative burden of psychiatric disorders across
all 26 researched adult cancers. The high cumulative burden of
psychiatric disorders, along with the worse prognosis among TGCT
patients with psychiatric disorders, adds to the importance of
investigating this further, in future studies.

Strengths of this study were the nationwide scope including
nearly all cases of TGCT in Sweden during the time period, and the
availability of clinical data through the SWENOTECA register. We
were also able to identify all patients that were diagnosed with
psychiatric disorders through prospectively recorded registrations,
thus eliminating differential misclassification bias that may
otherwise be present in case-control studies.

Studies show an increasing prevalence of ADHD and ASD in
Sweden during the period of this study [48, 49]. Though it is
possible that some of this increase is due to a true increase in
prevalence, most studies argue that the rise in prevalence may at
least partly be due to an increased awareness and/or changes in
diagnostic practices. This could mean that there are patients in our
cohort that have not yet been diagnosed with a neurodevelop-
mental disorder. This could possibly also explain the lower age at
TGCT diagnosis among patients with neurodevelopmental dis-
orders. Patients with younger age at TGCT diagnosis are more
likely to have been diagnosed with a neurodevelopmental
disorder since the frequency of neurodevelopmental disorders
have increased over time. Additionally, the Swedish Patient
Register does not cover outpatient visits from before 2001 or
primary care. Patients in our cohort with less severe psychiatric
disorders that have not required inpatient or specialised care may
therefore in some cases be unidentified. However, when excluding
all patients with index year before 2001, our main results were not
altered, except for the inverse association between psychotic
disorders and seminoma. Nevertheless, this could be due to a
decrease in power in the analysis.

To exclude psychiatric diagnoses caused by TGCT, e.g. stress
reactions on receiving the diagnosis, we excluded psychiatric
disorders registered within six months prior to the cancer
diagnosis. Apart from this, all psychiatric disorders in these
patients were included. This may be a strength in our study, but
also a limitation since we may have included diagnoses that have
later been removed.

CONCLUSION

To our knowledge, this is the first study that has investigated and
observed an association between neurodevelopmental disorders
and testicular seminoma. This finding would in part confirm
clinical observations suggesting an association between neurode-
velopmental disorders and TGCT. However, as the difference in
risk was relatively small, this may not be clinically relevant, and
moreover, we cannot exclude the possibility that this finding was
due to chance. Hence, our finding would have to be replicated in
other studies in order to be confirmed.

Furthermore, we found an increased TGCT-specific mortality for
TGCT patients, and in particular for seminoma patients with
psychiatric disorders, compared to patients without psychiatric
disorders. This is important to keep in mind, suggesting that one
may need to be extra observant in providing these patients with
the same opportunities to being successively treated, cured and
followed for their TGCT.
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