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Introduction:

Presence of teratoma in the orchiectomy and residual retroperitoneal mass size are known
predictors of finding teratoma during post-chemotherapy retroperitoneal lymph node dissections
(PC-RPLND). We sought to determine if the percentage of teratoma in the orchiectomy

specimen could better stratify the risk of teratoma in the retroperitoneum.

Materials and Methods:

The Indiana University testis cancer database was reviewed to identify patients who
underwent PC-RPLND for non-seminomatous germ cell tumors from 2010-2018. A logistic
regression model was fit to predict the presence of retroperitoneal teratoma using teratoma and
yolk sac tumor (YST) in the orchiectomy, residual mass size, and log transformed values of pre-
chemotherapy AFP and bHCG. The study cohort was split into 60% training and 40% validation
sets using 200 bootstraps. A predictive nomogram was developed for predicting teratoma in the

retroperitoneum.

Results:

A total of 422 men were included. Presence of teratoma in the orchiectomy (OR 1.02,
p<0.001), residual mass size (OR 1.16, p<0.001) and log transformed pre-chemotherapy AFP
(OR 1.12, p=0.002) were predictive factors for having teratoma in the retroperitoneum. The C-
statistic using this model demonstrated a predictive ability of 0.77. Training set C-statistic was
0.78 compared to 0.75 for the validation set. A nomogram was developed to aid in clinical
utility.

Conclusion:
The model better predicts patients at higher risk of teratoma in the retroperitoneum

following chemotherapy which can aid in a more informed referral for surgical resection.



Introduction:

Testis cancer is the most common solid malignaieyrsed in men aged 18-44Cure
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Adam C. Calaway, Sean Q. Kerrf, David Crook? Yan Tong’, Timothy A Mastersory,
treatment-rlabeldAdoabjdiardrieenthiftiminorg ' Hgitharesfrenstef, Clint Cary?

Post-chenHﬂi\\é%%E)'r@ﬁﬁﬁgﬁlﬁﬁ:@:ﬁq%ﬁ%ﬂw&g%ﬁ%@@yﬁﬁm D) are advocated

_Indiana University School of Medicine Department of Urology, Indiana University
'Wﬁ&r%@h’%‘&%&éﬁ’&&e&?m%ﬁﬁ&?%%@tﬁ}%éﬂfﬂf’%a EYH S B e YA hensive

A
. ncer r
retroperitoneal mass >1cm and nega%\?e%%rl?r%qtﬁnadxers. Pathology may demonstrate

active cancer (15%), teratoma (45%) or necrosi$a£d. Men undergoing PC-RPLND for
necrosis are subject to the potential complicatafr®irgery with no additional benefit of
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demonstrated that YST and teratoma in the orchiegtgpecimen further increases the odds of
KaaigsodEtwediowinf 2EIBPLND™. However, no studies have combined these risherfa
or utilized teratoma percentage in the orchiectspgcimen to create a better prediction tool.

We sought to determine if the percentage of teratonthe orchiectomy specimen, along

with other risk factors, could better stratify tiek of teratoma in the retroperitoneum.



Materials and Methods:
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were performed in an open fashion. The templat®peed, as well as nerve-sparing, was
individualized to the patient after the shared sieci-making process between the patient and
Swigesmopidirapearakively in addition to intra-operatindings encountered. The primary
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A logistic regression model examined the prediditglof teratoma in the

Mamyseriphewond mp tera@ms in orchiectomy, YSThie orchiectomy, residual mass size, and
pre-chemotherapy AFP and bHCG. The model incllmt#d teratoma and YST in the
orchiectomy as continuous variables. A nomograntte estimated predictive probability for

teratoma in retroperitoneum by pre-surgical vagalwas created. All statistical tests were



based on a two-sided significance level of 0.05alpsis was performed using SAS 9.4 (Cary,

NC).

Validatieiyerecedrtesma in the orchiectomy and risk of retroperitoneal teratoma at the tim
of post-chemotherapy retroperitoneal lymph node dissection in germ cell tumors
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split sample validation procedure was utilizedgoediction model validatipn. A bootstrap
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stud@ sample, respectively. Patients werela ted Into the training or the validation set

with replacement. For each bootstrap sample,dleeted prediction model was fit based on the
training sample. The predicted probability of thécome for each patient was computed for the

validation sample by applying the model paramettinates obtained from training sample.
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AUCs were calculated for training sets and valmlasets. The bootstrap confidence bands of
AlidingSeuneatBdiy selecting  &nd 97.8 percentiles of the 200 bootstrap AUCs for the
tranfiicg sEinteresthNOARdation sets. The iniemoatstrap validation procedure was performed

using SAS 9.4 (Cary, NC).
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Results:



Patient Demographics and Clinical Characteristics:
Overall, 422 men were included in the analysise fifedian age at the time of surgery

was 29 years (Quartiles 23-33). Overall, 294 (89.ihen had teratoma and 279 (66.1%) had
Percentage of teratoma in the orchiectomy and risk of retroperitoneal teratoma at the timr
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received risk-appropriate induction chemotheraldypst men were treated{with bleomycin,
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retroperitoneal mass size was 5 cm (Quartiles F2with the largest mass size being 29 cm.

Demographic and clinical characteristics are sunmadrin Table 1.
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orchiectomy, 236 (80.3%) had teratoma in the reribgneum.
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Logistic regression for predicting presence of delyatoma in the retroperitoneum was
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performed (Table 2). Presence of teratoma in thieiectomy (OR 1.02, p<0.001), residual
mass size (OR 1.16, p<0.001) and log transformeetpemotherapy AFP (OR 1.12, p=0.002)

were predictive factors for having teratoma in tigeoperitoneum. A nomogram was developed



for predicting the probability of finding teratonmathe retroperitoneum at the time of RPLND to

give physicians an easy tool to enhance clinigatyu¢Figure 1).
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prediction model. Results from internal validatigmmocedures indicated ggod predictive accuracy
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Discussion:
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(8natygva-9RyAr(télp post-chemotherapy residuabpetritoneal mass. The predictive modeling

confirmed that presence of teratoma in the orchragtand increasing size of the residual
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retroperitoneal mass aiter induction chemotheraprevassociated with an elevated risk of
FeratingeSduheetiMea’ PC-RPLND. Uniquely, wealbserved that increasing percentages of
ternfbst Qi intesestMORBmy specimen conferredtianidil risk of teratoma in the
retroperitoneum. Our model demonstrated a higtridisnative ability with a C statistic of 0.74
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which was confirmed with validation techniques.némogram was developed to provide
clinical utility. It is our practice to observe paits who have radiographic normalization of

retroperitoneal disease with normai tumor markées enduction chemotherapy while those

with > 1cm residual disease are recommended fecties. However, patients who harbor



necrosis in the residual retroperitoneal mass garo®ncological benefit from surgical
resection while being subjected to the surgicibsrend recovery of a PC-RPLND. In this

clinical paradigm lies the utility and relevancettoé findings and clinical nomogram we present.
Percentage of teratoma in the orchiectomy and risk of retroperitoneal teratoma at the tin
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argued patients with residual disease should unde@RPLND, predicting teratoma still has
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benefit the surgeon intraoperatively while reseridherent retroperitoneal masses away from
the great vessels and adjacent organs. Convepsglgnts with a low predictive estimate of

retroperitoneal teratoma, in conjunction with eniegglata regarding the high sensitivity of mi-
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BRE)AsvEh TAqeE st success. Our group previoushaed 644 men who underwent PC-
RPLND for NSGCT between 1987-2000. Absence ottena in the orchiectomy was
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associated with a 48% risk of teratoma in the pariboneal mass, while those harboring
FeratingeSouheeo Noreetomy conferred an 86% tisladdition, increasing size of the
teArdperRbHEsrasisN@Bfrelated with a higher iliedd of teratoma in the tumdt A follow-up
paper by Mosharafa et al. in 2004 found that yalk tsimor in the primary orchiectomy was
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associated with teratoma in the retroperitonéumThese findings were further corroborated by
a retrospective study completed at Memorial Sloattéfing Cancer Centéf. To our

knowledge, no other previous study has examineeftieet of percentage of teratoma in the

orchiectomy when assessing the risk of teratontiaeatime of PC-RPLND. We hypothesized



that using this readily obtainable data from patgglreports may provide additional
discriminative ability which may aid in operativeasion making.

These initial studies were followed by attemptsreate statistical models to predict
Percentage of teratoma in the orchiectomy and risk of retroperitoneal teratoma at the tinm
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primary orchiectomy, pre_chemotherapg serum tumakara (AFP, HCG, and LDH), size of the
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validation study and found to have slight improdegtriminative ability which confirmed this
model as an effective tool to predict histologyassrnumerous clinical settins However,
this model has not been widely accepted into pracpossibly due to the number of variables
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pathology. The model performed reasonably wels{@&istic 0.82) and was validated in two
soradiindsperckeNenborts  Our current predictive model has notable diffiees to the above
f9Bfiricellnterret. NBR&, we sought to predicipitesence of teratoma only in the residual mass,
not benign versus malignant (active cancer anddaera) disease. If further studies using micro-
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RNA 371 continue to show the ability to distingulsttween active cancer and necrosis/teratoma
at the time of PC-RPLND, we believe that a todllifterentiate between teratoma and necrosis
may be most beneficial in efforts to reduce the benot invasive surgeries performed for

necrosis®. Second, our model variables differed as we psedentage of teratoma and



presence of yolk sac tumor in orchiectomy due & tknown association with retroperitoneal
teratoma?***®> We also did not use % change of retroperitonmesls as this variable may be

hard to estimate and possibly not as clinicallgvaht or available as the size of the mass at the

Percentage of teratoma in the orchiectomy and risk of retroperitoneal teratoma at the tinr
time of BesBEHMdtherapy retroperitoneal lymph node dissection in germ cell tumors
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bias of retrospective studies is well characterizedaddition, external val_'%dation of our
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require significant organization and collaboratidro that end, we performed an internal
validation to confirm predictive accuracy. Secom@ny of the variables included in our model
are dependent upon accurate pathologic interpoetaii this regard, we only included patients
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(EWeRrs @rameily hospitals and tertiary referesiters for germ cell tumors which further
emphasizes the need to externally validate our ifddd hird, at our institution, we only offer
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PC-RPLND for men with > 1 cm residual disease. ablenowledge that other centers may offer
Burgtng eS@ur fer: dlonplete responders after chemragilie Our model may not be appropriate to
GeaflictRitIpEIeskidPf addition, data on irttircchemotherapy dose reduction was not
collected; however, dose reductions likely would ingpact the presence of chemo-resistant
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teratoma in the retroperitoneum. Finally, basedwnfindings, the lowest risk of teratoma in
the retroperitoneum occurs in men with small resisgnasses whose primary tumor did not

demonstrate teratomatous eiements. For exampla,dmall <2cm residual mass without

teratoma or yolk sac tumor elements in the orcbhiagtand normal prechemotherapy serum



tumor markers, the risk of teratoma in the retragpeeum is approximately 20% (but lower than
the 48% as demonstrated in our previous sttitly))sing our model alone may ultimately not be

sufficient to recommend against performing postrebierapy surgery; however, it may allow
Percentage of teratoma in the orchiectomy and risk of retroperitoneal teratoma at the tinm
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how predictive models such as this interplay witieeging molecular studjes such as mi-RNA
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P These limitations notwﬂhstan%ir%c\ggeé},‘%/reItBaﬂ[requts have shown that teratoma

as a percentage of the orchiectomy specimen Istttgifies the risk of teratoma in the
retroperitoneum. Our model is the first to atténopspecifically predict presence of teratoma in
the retroperitoneum at the time of PC-RPLND. Wiigh discriminative ability, we believe that
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@i pdloscadie, @el) group and others will contitu@vestigate methods to accurately predict
retroperitoneal histology in effort to minimize theorbidity of surlgery in men who may only
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harbor necrosis in the retroperitoneum. We enmigsiduture in which this predictive model is
Beadingc®oiuoetidlonath molecular studies in oreguide and support personalized treatment
gentishel ngerestNRBSeed to perform post-chieenapy surgery in men with non-
seminomatous germ cell tumors.

Manuscript word count: 2418

Conclusion:

The model yieids a better understanding of th@septs at higher risk of residual

teratoma in the retroperitoneum following platinls@sed chemotherapy. Conversely, those



without teratoma in the orchiectomy with small degl masses could perhaps be more

accurately selected for observation.

Percentage of teratoma in the orchiectomy and risk of retroperitoneal teratoma at the tin
of post-chemotherapy retroperitoneal lymph node dissection in germ cell tumors
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Table 1. Patient Demographics and Clinical Characteristics

Age, years, median (Quartiles)
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Table2: Logistic regression for predictive model for presence of teratomain the RPLND

specimen
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Figure 1: Nomogram of predicting teratoma in the retroperitoneum.
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Figure 2. Distribution of the AUC’s from training and validation samples using 200

bootstrapped samples.
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