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Germ cell testicular tumors are the most commonly diagnosed cancer in young men, with cure rates exceeding 95%.
Clinical stage 1 disease is the most common manifestation, with radical orchiectomy curing the majority of Clinical stage
1 patients, making active surveillance the treatment of choice, with a cancer specific survival nearing 100% and low
relapse rates. However, in metastatic disease, chemotherapy, radiotherapy, and surgery are curative options. Chemother-
apy remains the mainstay of therapy for advanced disease with surgical management of residual disease. Patients with
advanced disease should be treated in high volume experienced academic centers with multidisciplinary teams. Research

exploring refinement of diagnosis and treatment, and lowering treatment burden is underway.

2018. © 2018 Elsevier Inc.
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he incidence of germ cell testicular tumors (GCTT)

in the United States of America has been rising

0.8% per year over the last decade and is currently
5.7 per 100,000 men per year." Approximately 1 of 250 men
will be diagnosed with GCTT during their lifetime, most fre-
quently aged 20-34, representing 0.5% of all new cancer cases.
Treatment is most effective and overall mortality is low and
has been stable from 2004 to 2013 at 0.3 per 100,000 men
per year. The 5-year survival for those with localized,
regional, and distant metastatic GCTT is 99.2%, 96%, and
73%, respectively.” There has been stage migration with more
patients presenting with clinical stage 1 (CS1) disease.’

Known GCTT risk-factors include a previous primary
GCTT, cryptorchidism, family history, the premalignant
stage of germ cell neoplasia in situ (GCNIS), race, geogra-
phy, environmental exposure, and infertility.

GCTT constitute approximately 95% of all testicular
tumors and histologically include seminoma and nonsemi-
noma (52% and 48%, respectively) or a mixture. Mixed
GCTT will always be managed as nonseminoma. Age of
onset of the different histologies varies, as do the expected
serum tumor marker (STM) levels (Supplemental table 1).
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Bilateral GCTT occur (1%-5%), usually metglchronously.4
Approximately 5% of GCTTs are extragonadal,” usually mid-
line and in the retroperitoneum, mediastinum, or cerebrum.

MATERIALS AND METHODS

We searched PubMed for available literature on testicular
tumors and GCTT, focusing on incidence, diagnosis, pathology,
staging, treatment, follow-up, and future research directions.
Search terms included “testicular cancer,” and “germ cell testicu-
lar tumors”. References from review articles and guidelines were
also assessed to develop a narrative review. No limits were set on
publication date, but non-English language, nonhuman studies,
editorials/letters, and case reports were excluded.

DIAGNOSIS

Signs and Symptoms

The most common presentation is a painless testicular
mass with a differential diagnosis including hydrocele,
varicocele, spermatocele, hematoma, and inguinal her-
nia.® Pain occurs in 20% of patients due to intratumor
hemorrhage or infarction and must be distinguished from
painful epididymitis/orchitis and testicular torsion. Other
uncommon presentations include gynecomastia (7%) or
nipple tenderness. In advanced cases, weight loss, palpable
masses, back or flank pain (11%)" can occur with pulmo-
nary, gastrointestinal, or neurologic symptom&6

Imaging
Scrotal ultrasound is highly sensitive for detecting the
usually hypoechoic  vascular tumor (Supplemental
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Figure 1). Rarely, GCTT may present with wide spread
metastasis with no detectable® or “burned-out” primary
tumor.

For staging, chest with abdominopelvic computed
tomography (CT) are performed. CT scans are sensitive for
macroscopic retroperitoneal lymph nodes (RLN) which are
the most common initial site of metastases (Supplemental
Figure 2). Bone scans, spinal or brain CT/MRI, and Posi-
tron emission tomography (PET) scans are rarely indicated.

Serum Tumor Markers

The STMs a-fetoprotein (AFP), human chorionic gonado-
tropin (hCG), and lactate dehydrogenase are most useful
in diagnosis and management (Supplemental table 1). Ele-
vation of 1 or more markers is usually diagnostic. Approxi-
mately 10%-15% of seminomas secrete hCG, however,
AFP is never secreted.” STMs may be elevated at the time
of radical orchiectomy (RO) and must be serially moni-
tored until they normalize or reach a nadir baseline. The
half-lives for AFP, hCG, and lactate dehydrogenase are
5-7, 1-3, and 4-4.5 days, respectively, requiring measure-
ments for up to 4 weeks after RO or until normalization.

PATHOLOGY

Seminoma

Seminomas constitute 60% of GCTT and histologically
95% are classical type. These tumors contain large uni-
form cells with a “fried egg” appearance.'® Syncytiotro-
phoblasts are present in 10%-15%, accounting for the
elevated hCG levels.

Spermatocytic seminoma is rare (<1%) and originates
from more mature germ cells, with unique genetic and mor-
phologic signatures. It typically presents in older men
(mean age of 54 years) and cryptorchidism is not a risk-fac-
tor.'! They have low malignant potential; and are usually
cured by RO. Classic seminoma metastasizes via lymphatic
spread to the RLN if lymphatic flow has not been altered
by previous inguinal or scrotal surgery. Although rare,
advanced seminoma can present with supra-diaphragmatic
lymphadenopathy or visceral metastases in the lung, liver,
brain, and other sites. Seminoma has a relatively favorable
prognosis and only liver and brain metastasis have been
associated with an adverse prognosis.'”

Nonseminoma
These typically manifest at a younger age than seminoma,
peaking at 20—24 years and contain various subtypes.
Embryonal carcinoma (EC): Usually smaller than
seminomas with poor demarcation. Histologically, they are
epithelial with clusters or sheets of cells that exhibit
cytological atypia; and stain for OCT3/4, SOX2, NANOG,
and SALL4. EC is an aggressive tumor associated with
metastasis, even when STMs are normal. This is the most
undifferentiated cell-type of nonseminoma, with a toti-
potential capacity to differentiate to other cell types.
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Yolk sac tumors (YST): Harbor a shiny surface and
often display lower nuclear grade and are the most varied
in appearance. YST tumors stain for SALL4, AFP, and
GATA3. Although rare, they are more common in the
mediastinal and pediatric GCTTs."” Schiller-Duval bod-
ies, which resemble endodermal sinuses, manifest in
roughly half of cases. Cytoplasmic and extracellular eosin-
ophilic hyaline globules are another characteristic present
in 84% of cases. YST usually produce AFP but not hCG.

Choriocarcinoma: Exhibit hemorrhagic features with
microscopic necrosis; composed of both syncytiotropho-
blast and cytotrophoblast. This is a rare, aggressive tumor
with highly elevated hCG and hematogenously dissemi-
nated disease; commonly classified as poor-risk at diagnosis.

Mature Teratoma: Well-differentiated or have incom-
pletely differentiated elements of at least 2 of the 3 germ
cell layers: endoderm, mesoderm, and ectoderm. There are
solid with cystic areas and STMs are usually normal or AFP
is mildly elevated. Approximately 47% of adult mixed
GCTTs contain teratoma but pure teratomas are uncom-
mon.'* They are histologically benign but are frequently
found at metastatic sites and are chemoresistant. Teratomas
have many genetic abnormalities, including aneuploidy, i
(12p), and widely variable proliferative capacity; they may
grow and involve surrounding structures to become unre-
sectable!” (“Growing teratoma syndrome”)."” Rarely, tera-
toma may undergo a malignant somatic transformation to
rhabdomyosarcoma, adenocarcinoma, or primitive neuro-
ectodermal tumor, which are highly aggressive, chemore-
sistant, with poor prognosis.

STAGING

Patterns of Metastasis

Most GCTT (90%) which metastasize, do so lymphati-
cally in a predictable pattern. Right-sided tumors spread
to the precaval and interaortocaval lymph-nodes, while
left-sided tumors spread to the para-aortic nodes. Location
and node size are important for staging accuracy. The
most common sites of spread are the RLN (75%), lungs
(9%),° followed by liver, brain, and bone.

Stage Groups and Relative Incidence

Clinical stage is assigned on imaging assessment of poten-
tial regional nodal and distant metastatic sites. According
to the American Joint Committee of Cancer eighth edi-
tion of the TNM classification (Table 1), CS1 GCTTs
have no evidence of metastases, with stage IA primary
tumors confined to the testis without lymphovascular
invasion and stage IB tumors demonstrating lymphovas-
cular invasion or disease extending outside of the testis.
Stage II GCTTs have RLN involvement only and stage
III GCTTs have distant metastasis (Table 1).

The International Germ Cell Cancer Collaborative
Group (IGCCCG) in 1997 developed a prognostic system
for advanced GCTT'® based on histology, primary site,
metastatic disease, and STMs. Patients are categorized into
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Table 1. (a) TNM classification for testicular cancer (AJCC, 2018, eighth edition.), (b) Tumor stage grouping of TNM subsets for germ cell testicular tumors, (c) IGCCCG Staging sys-
tem for metastatic germ cell testicular tumors

(a)

Primary Tumor (T)

TX The primary tumor cannot be assessed.

TO There is no evidence of primary tumor.

Tis Carcinoma in situ (noninvasive cancer cells).

T1 Tumor limited to the testis (including rete testis) without lymphovascular invasion
T1a—Tumor smaller than 3 cm (applies only to pure seminoma)
T1b—Tumor larger than 3 cm (applies only to pure seminoma).

T2 Tumor limited to the testis (including rete testis) with lymphovascular invasion
OR
Tumor invading hilar soft tissue or epididymis or penetrating visceral mesothelial layer covering the external surface
of tunica albuginea with or without vascular invasion.

T3 Tumor invades the spermatic cord with or without lymphovascular invasion.

T4 Tumor invades scrotum with or without lymphovascular invasion.

Lymph Node (N)

NX
NO
N1

N2

N3
Metastasis (M)
MO
M1

Regional lymph nodes cannot be assessed.

No regional lymph node metastasis.

Metastasis with a lymph node mass 2 cm or less in greatest dimension and less than or equal to 5 nodes positive,
none more than 2 cm in greatest dimension.

Metastasis with a lymph node mass more than 2 cm but not more than 5 cm in greatest dimension, or more than
5 nodes positive, none more than 5 cm; or evidence of extra-nodal extension of tumor.

Metastasis with a lymph node mass more than 5 cm in greatest dimension.

No distant metastasis.

Distant metastasis
M21a—Nonretroperitoneal nodal or pulmonary metastasis
M1b—Nonpulmonary visceral metastasis

Serum Tumor Markers (S)

SX

SO

S1*

s2'

s3’

(b)
Stage
Stage O
Stage |
Stage IA
Stage IB
Stage IS
Stage |l
Stage IIA

LDH (U/L) HCG (mlu/mL) AFP (ng/mL)

Not available Not available Not available

Normal Normal Normal

<1.5 x Normal <5000 (mlu/mL) <1000 (ng/mL)

1.5-10 x Normal 5000-50,000 (mlu/mL) 1000-10,000 (ng/mL)

>10 x Normal >50,000 (mlu/mL) >10,000 (ng/mL)

T N M S

Tis (in situ) NO MO SO
T1-T4 NO MO SX

T1 NO MO SO
T2-T4 NO MO SO
Any T NO MO S1-S3
Any T N1-N3 MO SX
Any T N1 MO S0-S1

Continued
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Table 1. Continued

(a)

Primary Tumor (T)

Stage IIB Any T N2

Stage IIC Any T N3

Stage lll Any T Any N

Stage IIIA Any T Any N

Stage IIIB Any T N1-N3
Any T Any N

Stage IlIC Any T N1-N3
Any T Any N
Any T Any N

(c)
Prognosis group Seminoma
Good There are no distant metastases other than to the lungs.

AFP is normal and other serum tumor markers can be any level.

Intermediate  There are distant metastases to organs other than the lungs.

AFP is normal and other serum tumor markers can be any level.

Poor This group isn’t used for seminomas.

MO S0-S1
MO S0-S1
M1 SX
M1la S0-S1
MO S2
M1la S2
MO S3
M1la S3
M1b Any S
Nonseminoma

The primary tumor is in the testicle, or a primary extragonadal tumor is in the retroperitoneum.
There are no distant metastases other than to the lungs.
All serum tumor markers are normal (SO) or slightly above normal levels (S1).
The primary tumor is in the testicle, or a primary extragonadal tumor is in the retroperitoneum.
There are no distant metastases other than to the lungs.
At least 1 serum tumor marker level is high (S2).
One of the following applies:
® There is a primary extragonadal tumor in the mediastinum (the area between the lungs).
® There are distant metastases in organs other than the lungs.
e At least 1 serum tumor marker level is very high (S3).

AFP, alpha-fetoprotein; HCG, human chorionic gonadotropin; LDH, lactate dehydrogenase.
* All the markers must be in the stated range to be considered S1.
*Only 1 marker needs to be in the stated range to be considered S2 or S3.



either good, intermediate, or poor prognostic groups'® with
>90%, 75%, and 50% cure rates, respectively (Table 1c).

INITIAL MANAGEMENT OF THE PRIMARY
TUMOR

Radical Orchiectomy

RO includes an inguinal orchidectomy with the removal
of the spermatic cord to the internal inguinal ring; being
both a therapeutic and diagnostic procedure. It cures
>80% of men with CS1 seminoma and 70% CS1 nonse-
minoma. Scrotal violation by trans-scrotal orchiectomy or
biopsy may risk local tumor seeding with recurrence, and
pelvic or inguinal lymph node metastasis.

Contralateral Testicular Biopsy During Orchiectomy

GCNIS is considered to be the premalignant lesion for
most GCTTs (except YST, mature teratoma, or spermato-
cytic seminoma)'’ with 40% developing GCTT within
3 years and 50% within 5."% Loss of PTEN, p18 expression,
and gain of chromosome 12p have all been associated with
progression of GCNIS to GCTT."” GCNIS occurs in <1%
of normal males. Risk-factors include history of contralat-
eral GCTT, an atrophic contralateral testis (highest if age
<31), male-factor infertility, cryptorchidism, disorders of
sexual differentiation, and testicular microlithiasis.”’ The
European Association of Urology (EAU) guidelines recom-
mend contralateral testicular biopsy in patients with
GCTT and, (i) contralateral testicular volume <12 mL,
(ii) history of cryptorchidism or poor spermatogenesis, and,
(iii) age <40 years.”’ Some European centers perform rou-
tine contralateral testicular biopsies during RO with the
philosophy that early detection and radiation treatment
(RT) of GCNIS will better preserve hormonal function
than future RO.”” However, in North-America, testicular
biopsy is recommended only in patients with unilateral
GCTT and concomitant risk-factors for contralateral dis-
ease.”” Routine contralateral biopsy is not supported in this
region, as recurrence can occur following radiotherapy,
with hypogonadism reaching up to 40%.*’

Partial Orchiectomy

Partial orchiectomy (PO) should be considered for patients
with bilateral masses, solitary testis tumors, or suspected
benign mass. Typically, PO is indicated for small organ
confined tumors, <2 cm, preferably in a polar location, and
away from the mediastinum testis. PO should be applicable
for tumors that can be removed with sufficient remaining
testicular tissue for endocrine function.”* Favorable out-
comes (survival with preserved endocrine function and fer-
tility) have been reported in experienced centers, although
local recurrence rates may reach 27% without adjuvant
RT.?* The overall survival (OS) rates for bilateral disease
are comparable with those with unilateral disease, and
long-term testosterone production was preserved in 90% of
patients at 7-year follow-up.”’

12

Semen Cryopreservation

GCTT can result in infertility, by the malignancy itself or
the associated treatments.”® Pre—existing subfertility in
patients with GCTT further lowers their success in future
reproduction. Sperm cryopreservation is a widely available
reproduction option for cancer patients.”’ The American
Society of Clinical Oncology guidelines recommend that
patients of reproductive age are referred for semen cryopres-
ervation before treatment,”” ideally before undergoing RO,
but definitely before chemotherapy and radiotherapy.”’
However, sperm preservation rates in cancer patients are
low with an even lower usage of preserved sperm
(<10%),”" caused by sociologic and psychological factors.”!

MANAGEMENT BY STAGE

Clinical Stage | Seminoma

Accounts for 80% of new seminomas with cancer specific
survival (CSS) approaching 100% regardless of initial
therapy.”” Treatment options include active surveillance
(AS) or adjuvant therapy with chemotherapy or radia-
tion. The use of AS has increased to minimize the poten-
tial late effects of adjuvant treatment while maintaining
high cure-rates.

Approximately 15% of CS1 patients have subclinical
metastatic disease and will progress on AS, usually in the
RLN, making adjuvant treatment unnecessary in approxi-
mately 85% of patients.”' Large primary tumor size (>4
cm) and rete testis invasion have been controversially
identified as risk-factors for relapse.”

AS now represents the preferred management approach
in most guidelines.”’”**” Several trials have shown an
almost 100% CSS rate’® with relapse risk (RRs) between
13%-19%. Approximately 99% of the relapses are cured
with radiation and/or chemotherapy.

Typical surveillance protocols include periodic physical
examination, STMs, chest radiographs, and abdominal
CT imaging. Over 90% of relapses occur in the RLN dur-
ing the first 3 years of AS and are detected by abdominal
CT (87%).”° Suboptimal compliance with follow-up has
not been demonstrated to reduce OS.'”

Adjuvant chemotherapy with single-dose carboplatin
reduces RRs to 1.8%-8.6%,’" and is an accepted alterna-
tive to AS. The MRC TE19 trial demonstrated noninfer-
iority for adjuvant carboplatin compared to radiation with
a 5-year RR of 5.3% vs 4%.’° Recurrence usually occurs
in the RLN, making abdominal surveillance imaging
mandatory. Relapse after adjuvant carboplatin may be
treated with salvage radiotherapy, cisplatin-based chemo-
therapy,'® or retroperitoneal lymph-node dissection
(RPLND) if the recurrence manifests as a small retroperi-
toneal mass.””

Adjuvant RT to the RLN has been the mainstay treat-
ment historically. The traditional approach was a total
dose of 25 Gy in 20 fractions to the paraaortic and ipsi-
lateral pelvic nodes (with a dog-leg field) which
achieved a CSS rate of nearly 100%. When relapse
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occurs, treatment includes bleomycin+etoposide +cis-
platin (BEP)*3 or etoposide+cisplatin (EP)*4, with
excellent cure rates.'” However, adjuvant radiotherapy
is not recommended due to its higher risk of induced sec-
‘ .~ 21,40,41 .
ond nongerm cell malignancies. Following a
median follow-up of almost 22 years, radiotherapy for
early-stage seminoma was found to increase secondary

neoplasms in the organs within the radiation field by
53%, resulting in CSS decrease of 46%.*

Clinical Stage 1 Nonseminoma
Accounts for 20% of new nonseminomatous GCTT and
the majority are cured by RO alone. However, 20%-30%
have occult retroperitoneal or distant metastases and will
relapse if managed by AS.** Most occur within 2 years but
late relapses (LR) beyond 5 years have been documented
in 1%-5% of cases.” Relapse occurs in approximately 15%
of low-risk patients and up to 50% of high-risk patients.*’
Adjuvant treatments will be unnecessary in approximately
70% of patients.”” Long-term data supports nonrisk-
adapted surveillance which achieves long-term survival
outcomes comparable with adjuvant chemotherapy and
RPLND.

Two independent histologic features in primary CS1
nonseminoma tumor have been demonstrated to be risk-
factors for occult metastatic disease:

® LVI in the primary tumor carries a 48% 5-year RR vs
14%-22% in patients without LVI*
* Pure EC*'—45%-90% RR

The RR in patients on AS decreases over time after RO.
This has been termed conditional risk of relapse.*® How-
ever, universal AS (without risk-stratification) with
delayed therapy for relapse is commonly considered the
standard of care.*” Most follow-up protocols involve fre-
quent monitoring in years 1 and 2 with clinical assessment,
STMs, chest imaging, and abdominal-pelvic imaging.*’
The standard approach for AS patients relapsing is chemo-
therapy, according to IGCCCG risk group. Select patients
with normal STMs and nonbulky RLN disease (<3 cm)
may be considered for RPLND. This should be offered only
to patients who refuse surveillance and have a contraindi-
cation to adjuvant chemotherapy. Patients should be
treated with chemotherapy if they have persistent elevated
STMs, bulky retroperitoneal disease with rapid progression,
symptomatic tumor-related back pain, or adenopathy in
the supra-hilar or pelvic regions, or tumor association with
the renal hilum. These should all exclude patients from
undergoing RPLND.** Due to the high CSS rates in AS
with salvage treatment, and low relapse rates if adjuvant
chemotherapy is given, the role of RPLND has diminished
significantly. RPLND has a 7% higher risk of recurrence
when compared to adjuvant chemotherapy,” with no dif-
ferences in quality of life.”

Adjuvant chemotherapy as an alternative to AS with
BEP*2 was introduced in the prospective MRC trial’! with
excellent results and reduction of short- and long-term
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morbidity. BEP*1 also significantly increases the 2-year
recurrence-free survival to 99.4% compared to primary
RPLND." Despite the excellent results achieved with pri-
mary chemotherapy, it has several important drawbacks:

70%-80% of patients are unnecessarily treated.

Early and late toxicities.

Chemotherapy is ineffective against teratoma.
Follow-up abdominopelvic CT imaging is required.
Relapse after chemotherapy poses a challenge, because
it may be resistant to conventional chemotherapy.

An alternative to chemotherapy is primary RPLND,
with the following supporting its justification:

e Systemic disease (outside of the retroperitoneum) is
rare in CS1.

e RPLND provides pathologic staging of the retroperito-
neum and the risk of subsequent abdominopelvic
relapse is reduced to <2%, eliminating the need for
routine surveillance imaging.

e With pNI1 disease, cure rates after RPLND monother-
apy exceed 75%.

® Metastatic teratoma is chemoresistant and curable
with surgery alone.

e RPLND with nerve-sparing no longer results in loss of
antegrade ejaculation.

® Patients who relapse after RPLND can be effectively
salvaged with chemotherapy.

e Unlike systemic chemotherapy, RPLND has minimal
short- and long-term morbidity, when performed by
experienced surgeons at high-volume centers.

The anatomic limits of a full bilateral template RPLND
include the skeletonized renal vessels and crus of the dia-
phragm. The lower limits include the external iliac vessels
on the ipsilateral side and the bifurcation of the great ves-
sels on the contralateral side. Prospective identification
and preservation of the postganglionic fibers exiting the
sympathetic chain is the objective of the nerve-sparing
RPLND resulting in ejaculation preservation >95% of
cases. “In field” recurrence after RPLND is rare (1%-2%)
beyond 2 years.” The risk of recurrence with a modified
smaller template is considered by some to be sufficiently
high to require follow-up CT imaging, thus negating 1 of
the principle benefits of RPLND over surveillance. While
some experts agree (including our own group) that a full
bilateral template is preferred,”” others support the merit
of either a full bilateral or modified template in low-stage
disease.*

RPLND has a very low mortality rate (<1%), but the
overall complication rate has been reported as 10.6%-
24%.’* Complications include a 1% risk of bowel obstruc-
tion, 18% risk of ileus, a 0%-1.7% risk of lymphocele and
a 0.2%-2.1% risk of chylous ascites. Pulmonary embolism
and deep vein thrombosis occur in <1% of cases. Figure 1
summarizes CS1 GCTT therapy according to the EAU

guidelines.
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Figure 1. Stage 1 GCTT treatment adapted from the EAU guidelines 2018. (Color version available online.)

Clinical Stage 2A/B Seminoma
The preferred treatment option for low-volume disease
(confined to the retroperitoneum with RLN <3 cm) is
radiation, with a dose of 30-36 Gy, including a concurrent
boost to the gross nodal volume of 10 Gy in 20 fractions.
This yields relapse-free survival of 92% for stage IIA and
90% for stage 1IB, with OS approaching 100%.”’
Chemotherapy with BEP*3 or EP*4 is the alternative
to radiotherapy. Chemotherapy is preferred for patients
with bulkier disease since the RR in these cases is higher
than with radiotherapy alone. Although more toxic than
radiotherapy, BEP*3 or EP*4 achieves a similar level of
disease control.

Clinical Stage 2A/B Nonseminoma

Patients with high-volume stage II disease or increasing
STMs should receive BEP*3 or EP*4°® according to the
IGCCCG criteria, followed by residual-tumor resection if
indicated. For patients with a low-volume stage Il and
normal or low-level stable STMs, primary RPLND can be
considered. The cure rate for chemotherapy or primary

RPLND is approximately 98%.°

Clinical Stage 2C/3 Seminoma and Nonseminoma
According to IGCCCG Risk Classification

Good Prognosis Seminoma. Figure 2 summarizes EAU
guidelines treatment of metastatic GCTT. BEP*3, or EP*4
are preferable to carboplatin chemotherapy.”’’

Intermediate Prognosis Seminoma. While no randomized
trial is available, BEP*4 or Etoposide+Cisplatin+Ifosfa-
mide (VIP) are recommended.

Good Prognosis Nonseminoma. BEP*3 or EP*4 is recom-
mended without dose reductions at 21-day intervals. Only

14

fever with granulocytopenia <1000/mm?’ or thrombocyto-
penia <100,000/IU should delay subsequent cycles.

Intermediate Prognosis Nonseminoma. BEP*4 is the
standard of care. A randomized trial comparing BEP*4
+/— Paclitaxel (T-BEP) found no significant improve-
ment in OS.”"

Poor Prognosis Nonseminoma. BEP*4 is the standard of
care. Three randomized trials have shown no OS advantage
for high-dose chemotherapy in this group.””°! Intensifying
treatment with dose-dense chemotherapy improves pro-
gression free survival but not OS in patients with a slow
decline in STMs.®” The EAU guidelines demonstrate
strong evidence that patients with an unfavorable decline
in STMs after BEP*1 should be switched to a more inten-

. . 21
sive regimen.

THERAPY FOR RESIDUAL DISEASE AFTER
INITIAL TREATMENT

Seminoma Residual Mass

The Seminoma PET (SEMPET) study(’3 demonstrated a
high negative predictive value of Fluorodeoxyglucose
(FDG) PET/CT >2 months after chemotherapy in
patients with residual retroperitoneal masses.”' If posi-
tive on PET with no volume increase, a second scan
should be performed 6-8 weeks later, or a biopsy per-
formed. Evidence of progressive disease should prompt
either salvage chemotherapy or radiotherapy. Patients
with persistent elevated STMs should be treated with
salvage chemotherapy. In progressing patients without
elevated STMs, RPLND is recommended, despite the
difficult resection that is expected, caused by the exten-
sive desmoplastic reaction surrounding the masses.

UROLOGY 125, 2019
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Figure 2. Treatment of metastatic GCTT adapted from the EAU guidelines 2018. (Color version available online.)

Nonseminoma Residual Mass

Following first-line BEP chemotherapy, most masses have
a complete response (CR) (normal markers with no resid-
ual disease controversially defined as <1 cm with few
completely resolving on CT) and only 6%-10% of those
that do not achieve CR contain viable cancer (50%
mature teratoma, 40% necrosis-fibrosis).”* Currently,
there are no clinical tools that can reliably predict the his-
tology of a postchemotherapy mass. However, after reim-
aging following chemotherapy, patients may be stratified
into 3 distinct response groups based on the residual retro-
peritoneal mass size and posttreatment STM levels:

e CR with a low RR of <10%, surveillance is
recommended.”’

e Partial response of the mass and/or persistently elevated
STMs after chemotherapy, representing 5%-15% of the
patients, accounting for most of the disease specific
mortality.

® An intermediate group of patients with normalized or
low stable STM and radiologically detectable residual
masses >10 mm. In this setting, postchemo-RPLND
will provide histological verification which leads to
accurate prognosis by removal of residual teratoma and
chemoresistant viable cancer.

In patients with residual mass, postchemo-RPLND is
the standard treatment. A full bilateral template nerve-
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sparing procedure is recommended. Overall morbidity for
open postchemo-RPLND ranges from 12%-32%.”

THERAPY FOR RELAPSING DISEASE

Reoperative RPLND

Some patients will relapse in the retroperitoneum or have
residual disease after incomplete RPLND. Salvage chemo-
therapy will rarely compensate for an inadequate initial
RPLND. RPLND with complete resection of all meta-
static retroperitoneal disease is critical for long-term
relapse-free survival. In appropriately selected patients,
effective management can be performed with reoperative

RPLND with survival between 63%-91.3%.°°

Salvage Therapy for Relapsing or Refractory Disease
Patients relapsing after first line chemotherapy will usually
receive cisplatin-based combination salvage chemotherapy
with long-term remissions in approximately 50% of patients.
The regimen of choice is 4 cycles of cisplatin+Ifosfamide
plus either etoposide, paclitaxel, or gemcitabine.67 oS
improvement of 10%-15% for high-dose salvage therapy
compared to standard-dose therapy has been shown.®”

Desperation RPLND
A subset of patients will continue to have persistently
elevated STMs with a residual mass. They should

15



proceed directly to surgery, known as desperation
RPLND. The incidence of viable GCTT at desperation
RPLND is high, approximately 80%, with 20% harbor-
ing teratoma or fibrosis.”” However, the lack of viable
disease in the retroperitoneum, suggest that it may either
reside in extraretroperitoneal sites, or that systemic dis-
ease is present. The 5-year survival rates for patients
undergoing desperation RPLND after second line che-
motherapy is 30%.%” Risk-factors associated with poor
survival include increasing STMs, reoperative surgery,

and viable GCTT.%”

Late Relapse Therapy

LR is defined as recurrence >2 years after apparent cure
following chemotherapy for metastatic disease, with/with-
out surgery for residual disease. LR occurs in 1.4% of semi-
noma and 3.2% of nonseminoma cases.’” LR is a distinct
clinical entity based on clinical presentation, pattern of
histology, and poor OS. Forty to fifty percent occur within
2-5 years of initial therapy.”' Over 30% can present
>10 years after CR, with the longest reported time to
relapse of 37.7 years.”' The retroperitoneum is the most
common site, accounting to 45%-70% of the LRs, regard-
less of initial histology, primary treatment, or clinical pre-
sentation. Teratoma is found in up to 60% of patients
with LR, and viable GCTTs are found in 60%-70%.""
Because of the high-rate of teratoma, LR is most likely to
respond to surgery. The overall prognosis for LR is poor
with survival-rates of approximately 30%-60%.”* LR in
patients who had received previous chemotherapy has sig-
nificantly worse 5-year CSS.”! The presence of teratoma
or necrosis is associated with favorable outcomes. '

FUTURE DIRECTIONS

Although most GCCTT patients will be cured, a constant
rate of mortality continues to ensue, and considerable mor-
bidity still exists resulting from therapy. Several important
ongoing clinical trials worth mentioning include The
WATChmAN (NCT03360994) trial, where a secure,
online interface will be provided to all virtual follow-up vis-
its as an alternative to costly and time-consuming travel for
in-person visits, for AS patients. Trials assessing imaging
modalities include the TENY trial (NCT03436901) which
aims to reduce the risk of radiation-induced secondary can-
cers by replacing CT scans with nonionizing whole body-
MRI. Furthermore, the TRISST MRC TE24 trial
(NCT00589537) is a randomized phase 1] trial comparing
4 different MRI and CT scan schedules in patients with
CS1 seminoma. Several trials are attempting to find
improved treatments for refractory GCTT, including Gem-
citabine, Carboplatin and VELIPARIB (ABT-888)
(NCTO02860819), Cabazitaxel (NCT02478502), Everoli-
mus (NCT01466231), Avelumab (NCT03403777), Bren-
tuximab Vedotin (NCT02689219), and Durvalumab and
Tremelimumab (APACHE trial, NCT03081923). Lastly,
the ability of testosterone replacement in reducing the risk
of cardiovascular disease is evaluated in GCTT survivors,
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in the EINSTEIN study (NCT02991209). Outlined below

are some challenges and future research being developed.

Imaging-radiomics

Imaging continues to improve, and progression can be
detected earlier with smaller tumor volume. Following
chemotherapy, imaging cannot reliably differentiate
between residual cancer or necrosis/fibrosis. Radiomics is
an emerging form of automated image analysis acquiring
large amounts of data from images and producing quanti-
tative decisions about defined tumor regions.

Biomarkers and Genetics

The introduction of more sensitive and specific biomarkers
for diagnosis, staging, and recurrence, would allow clini-
cians to better select patients for additional treatment. To
date, several studies have examined the clinical applicabil-
ity of molecular biomarkers (micro-RNA [miRNA], circu-
lating mitochondrial DNA, and circulating tumor-cells) for
early detection, staging, and surveillance of GCTTs. miR-
NAs are small regulatory noncoding RNA (about 18-25
nucleotides) that bind to complementary sequences in
mRNA and can regulate gene expression. Serum miRNAs
can be used to detect patients with locally-advanced dis-
ease,” and predict viable disease postchemotherapy in
nonseminoma.’ ' Notably, miR-371a-3p was demonstrated
to be more sensitive (84.7%) and specific (99%) for identi-
fication of GCTT than standard STMs.”” Furthermore, in
contrast to STMs, miR-371a-3p predicted viable disease in
residual masses following chemotherapy, with an area
under the curve of 0.874, 95% CI 0.774-0.974,
p<0.0001).”

Inherited variations in certain genes, such as KITLG,
SPRY4, DMRT1, TERT, and ATF7IP, appear to increase
the risk of GCTT.”" GCTT was increased threefold per
copy of the major allele of KITLG (OR =3.08, 95%
CI=2.29-4.13), and increased nearly 40% per copy of the
major allele of SPRY4 (OR = 1.39, 95% CI = 1.16-1.66).”
Additionally, TERT-CLPTMIL locus on chromosome 5,
ATF71P, a regulator of TERT on chromosome 12, and
DMRT1 on chromosome 9 have been shown to increase
GCTT disease by 33%-54%, 27%, and 37%, respec-
tively.”® Lastly, epigenetic aberrations, especially DNA
hypermethylation, have been linked to resistance to plati-
num-based chemotherapy with poor outcomes.’”

Centralization of Care

A growing body of evidence indicates that increased hos-
pital and surgeon volume predict improved outcomes.’®
Movement in favor of centralization of care is expanding
worldwide. ™

Late Relapse
The biologic and molecular differences between early and
LR needs to be further studied, to identify potential thera-
peutic targets.
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Malignant Transformation of Teratoma

The biologic and molecular basis for malignant transfor-
mation of teratoma needs to be further explored to make
systemic therapy more effective.

CONCLUSIONS

GCTTs are the most commonly diagnosed cancer in young
men with cure rates >95%. GCTTs most commonly mani-
fest as CS1, generally curable by RO alone. As part of the
risk-adapted treatment strategy, AS is the preferred man-
agement approach for CS1. Chemotherapy remains the
mainstay of therapy for advanced disease, although surgical
management is integral to the multimodality treatment.
Treatment should be centralized in high-volume experi-
enced centers with multidisciplinary teams including dedi-
cated medical, radiation, and uro-oncologists.

SUPPLEMENTARY MATERIALS

Supplementary material associated with this article can

be found, in the online version, at https://doi.org/
10.1016/j.urology.2018.12.025.
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