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Abstract

Levonorgestrel-releasing intrauterine system (LNG-IUS) insertion is the first-line treatment for atypical hyperplasia (AH)
in young women who wish to retain their fertility. However, the procedure is not always effective, and may allow AH to
progress to endometrioid endometrial cancer (EEC). Two young women with AH who wished to preserve their fertility
developed EEC following 52-mg LNG-IUS in insertion at our institution. One was a 34-year-old woman diagnosed with
endometrial cancer 2 years after LNG-IUS insertion. The second was a 30-year-old woman diagnosed 17 months after LNG-
IUS insertion. Proactive molecular risk classification for endometrial cancer (ProMisE) classification revealed that the first
and second patients had p53-abnormal (p53abn) EEC and mismatch repair deficient (MMR-d) EEC, respectively. MMR-d
and p 53abn were frequently observed in both AH and EEC specimens. Studies suggest that MMR-d and p53abn are predic-
tors of the occurrence adverse effects after fertility-preserving treatment for EEC. AH is a precursor of EEC. Therefore, p53
and mismatch repair (MMR) mutation may be used to identify women with AH who will not likely benefit from progestin
therapy. Molecular assays in women with AH will likely be useful for identifying novel predictive biomarkers of progestin
resistance and to improve the safety of conservative treatment. Combined assessment of progesterone receptor (PR) with
these predictive molecular markers may improve the predictive ability.
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Introduction

Atypical hyperplasia (AH) may progress to endometrioid
endometrial cancer (EEC). Without treatment, 28% of AH
cases progress to carcinoma [1], with a concomitant carci-
noma rate of up to 43% [2]. Total hysterectomy is advised
due to underlying malignancy or cancer progression risk
[1-3]. However, conservative fertility-sparing treatments
are often preferred in young patients. The levonorgestrel-
releasing intrauterine system (LNG-IUS) is a first-line
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fertility-sparing treatment for young women with AH [3, 4].
However, the system does not always prevent EEC develop-
ment [4]. We report two young women with AH who under-
went LNG-IUS insertion as fertility-sparing treatment. In
both cases, AH progressed to EEC. Molecular markers,
such as p53 wild type and MRR-d, may be used to identify
women with AH and EEC who may benefit from progestin
treatment; however, additional work will be needed to iden-
tify and validate the usefulness of molecular markers.

Case Report

Case 1

A 34-year-old G1P1 woman with a body mass index of
28.4 and no significant medical or family history presented

with a pelvic mass. Two years previously, she underwent
hysteroscopy, dilation, and curettage to treat menorrhagia.
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Fig. 1 Histology of the endometrium showed atypical hyperplasia.
HE 4x

Fig.2 Pelvic cavity computed tomography scan revealed the LNG-
IUS in situ and cancer metastases behind the uterus

Histopathological examination revealed AH (Fig. 1), accord-
ing to the 2014 World Health Organization classification
system. She wished to preserve her fertility; therefore, she
was treated with 40 mg/day medroxyprogesterone acetate
for 6 months following her AH diagnosis. Two consecutive
negative biopsies were obtained via quarterly endometrial
evaluations. Subsequently, a 52-mg LNG-IUS was inserted.
Therefore, assisted reproduction was recommended. How-
ever, fertility specialist and follow-up appointments were
disrupted due to COVID-19 pandemic. Two years after
LNG-IUS insertion, the patient presented with a pelvic mass
(Fig. 2) and underwent debulking surgery. Histopathologi-
cal findings suggested EEC (Fig. 3). Immunohistochemical
testing revealed that the patient was ER, PR, CK5/CK6, CK,
KI-67, and PAX-8 positive; and PTEN, CDX-2, WT-1, CEA,
CK?20, and p53 negative. Uterine histopathological exami-
nation revealed no ovarian or fallopian tube abnormalities,

Fig.3 Histology of the broad ligament mass which is seen in Fig. 2
revealed endometrioid cancer. HE 20 x

Fig.4 Histology of the hysterectomy showed endometrioid cancer in
the endometrium. HE 4 X

and the presence of three cancerous lesions located in the
endometrium (Fig. 4), intermuscular layer, or serosal surface
of the uterine body. Proactive molecular risk classification
for endometrial cancer (ProMisE) revealed p53-abnormal
(p53abn) EEC.

Case 2

A 30-year-old G2P1 woman with a body mass index of 22.3
and no significant medical or family history presented with
a 6-month history of abnormal uterine bleeding. Seventeen
months previously, she underwent hysteroscopy and pol-
ypectomy for menorrhagia caused by a lower uterine seg-
ment polypoid. A histopathological examination revealed
atypical endometrial polyps (Fig. 5). She wished to retain
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Fig.5 Histology of the endometrium revealed atypical endometrial
polyps. HE 4 x

fertility; therefore, for the following 6 months, she was
treated with 40 mg/day medroxyprogesterone acetate. Two
consecutive negative biopsies were obtained via quarterly
endometrial evaluations. Subsequently, a 52-mg LNG-IUS
was inserted. Seventeen months later, she presented with
a 6-month history of abnormal uterine bleeding and was
unable to see her doctor due to the COVID-19 pandemic.
Magnetic resonance imaging revealed a lower uterine mass
(Fig. 6) with slightly irregular margins. A hysteroscopy
with biopsy was performed. Histopathological examination
revealed well-differentiated endometrioid adenocarcinoma
(Fig. 7). Subsequently, staging was performed. Immuno-
histochemical test results revealed CKpan, Ki-67 (approxi-
mately 65%), P53, PMS2, ER, PR, vimentin positivity, and
MLH1, MSH6, napsin A, PTEN, and NSH2 negativity.
ProMisE classification revealed mismatch repair (MMR)-
deficient (MMR-d) EEC.

Discussion

Several progestogens have been used for conservative treat-
ment of EH, with LNG-IUS considered the most effective.
Despite seemingly responding well to levonorgestrel, AH
may progress to EEC after LNG-IUS insertion. Among all
case reports included in Medline published in English prior
to October 1, 2021, nine are cases of EEC following LNG-
IUS insertion [5-12]. Including ours, there are 11 reported
cases of EEC following LNG-IUS insertion. Five, two, and
three patients underwent LNG-IUS insertion for menorrha-
gia treatment, contraception, and endometrial protection,
respectively. No reason for LNG-IUS insertion was given
in three patients. Moreover, four patients had normal pre-
insertion hysteroscopic findings. Clinical details of the 11
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Fig.6 Pelvic cavity magnetic resonance imaging scan showed a mass
with slightly irregular margins occupying the lower uterine segment

patients are summarized in Table 1. These findings suggest
the existence of a subtype of AH with intrinsic or emergent
progestin resistance, the identification of which is critically
needed to improve patient selection for fertility preservation.

Fig.7 Uterine histology confirmed well-differentiated endometrioid
adenocarcinoma. HE 10 x



Reproductive Sciences (2022) 29:3278-3284

3281

Table 1 Summary of the literature

No Age Purpose Previous pathology Time (months)  Finally pathology = FIGO stage  References

1 54 Heavy periods Proliferative endometrium 18 EC IA1 Sinha [5]

2 54 HRT Proliferative endometrium 12 EC-G1 1IB Jones [6]

3 48 Menorrhagia Not sampled 36 EC-G2 IIc Jones [6]

4 36 Contraceptive Not sampled 12 EC-G1 1B Abu ] [7]

5 55 Heavy periods Not sampled 48 EC-G2 IC Ndumbe [8]

6 39 Heavy periods Nonsecretory endometrium 48 EC-G2 1B Flemming [9]
7 56 Heavy periods Negative find 60 EC IB van der [11]

8 50 EC-G1 IA Thomas [10]
9 52 Contraceptive Not sampled 46 EC- G1 IA1 Kuzel [12]

10 34 Fertility preservation  Atypical hyperplasia 24 EC-G2 1B Current series
11 30 Fertility preservation  Atypical hyperplasia 17 EC-G1 II Current series

Purpose, purpose of the LNG-IUS insertion; previous pathology, endometrial pathology before the LNG-IUS insertion; time, the time since the

LNG-IUS inserted to endometrial cancer was diagnosed

EC endometrioid adenocarcinoma; G/ grade 1; G2 grade 2

Multiple clinicopathological factors have been investi-
gated as potential indicators of the progestin response in EH
and EEC; however, most studies have reported non-signifi-
cant or conflicting results. For example, obesity is a leading
risk factor for EH and EEC in premenopausal women. Some
studies have shown that obesity is associated with failure
to achieve AH and EEC regression and increased recur-
rence, whereas others have reported no association between
obesity and outcome. Other clinical factors, including age,
menopause status, diabetes, gravidity, parity, polycystic
ovarian syndrome, smoking, and hypertension, have been
investigated; however, reported findings vary among stud-
ies. In addition, studies investigating the effectiveness of
commonly used pathological markers such as progesterone
receptor (PR) and estrogen receptor (ER), androgen recep-
tor (AP), heat shock protein family A member 5 (HSPAS),
BCL2-associated X (BAX), Ki67, B-cell lymphoma 2
(BCL2), cytochrome c oxidase subunit I (COX2), cleaved
caspase, mutL. homolog 1 (MLH1), phosphatase, paired
box 2 (PAX2), and tensin homolog (PTEN) produced non-
significant or conflicting results. To date, PR and ER have
been reported as marks of AH and EEC. However, conflict-
ing results have been reported regarding the predictive value
of PR and ER [13, 14]. Use of isoforms of PR, particularly
PR B, appears to be promising [15]. Therefore, in addition
to assessing PR expression alone, the function, subtype, and
downstream gene activation of PR should be investigated.
Both patients described in this report had elevated levels of
PR and ER expression in endometrial tissue with AH. In
both cases, AH progressed to EEC despite treatment with
levonorgestrel. However, the fact that progesterone inhib-
its EH to endometrial cancer (EC) and promotes AH and
EEC regression is undeniable. To some extent, progesterone
has anticancer properties. The presence of AH and EC with

emergent progestin resistance may occur do to the failure
of progesterone to confer anticancer effects. A combined
assessment of PR and other molecular markers may improve
the prediction of progestin resistance in patients with AH
and EEC.

EC is increasingly classified according to specifications
of the Cancer Genome Atlas (TCGA) or ProMisE sys-
tem, which categorizes ECs into POLE mutated, MMR-d,
p53 wild type, or pS3abn. Patients 1 and 2 had p53abn
and MMR-d EEC, respectively. An increasing number of
studies have suggested that ProMisE can be used to repro-
ducibly categorize, provide prognostic information, and
identify predictive biomarkers in patients considering fer-
tility-preserving treatments for EEC [16]. Among the four
molecular subtypes included in the ProMisE classification
system, patients with p5S3-abnormal ECs have the worst
prognosis [17, 18], while those with ECs overexpressing
of p53 are at increased risk of relapse and have poor sur-
vival rates [19]. In addition, mutations in p53 are associ-
ated with failure to achieve disease regression. Leon et al.
suggested that patients with p53-abnormal ECs should be
excluded from conservative treatment [20]. However, p53
variants occurring in the context of MMR-d or POLEmut
EC should not be excluded [20]. In addition to p53abn,
germline MMR-d tumors are associated with a poor prog-
nosis [21]. Germline MMR-d EECs account for approxi-
mately 5-10% of MMR-d EECs. Germline mutations in
MRR genes including MLH1, MSH2, MSH6, PMS2, and
EPCAM resulted in loss of MRR protein deficiency [22,
23]. MRR germline mutations, known as Lynch syndrome
(LS), are associated with an increased risk of both endo-
metrial and ovarian cancer. Approximately 25% of young
women with LS and EEC have comorbid ovarian cancer
[24]. In addition, germline MMR deficiency is associated
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with increased risk of recurrence and failure to achieve
disease regression. Therefore, women with MMR-deficient
EECs, particularly those with LS, require careful evalu-
ation using both molecular and imaging methods. These
women also require close monitoring if progestin therapy
is offered [17, 21, 25-27]. Given the importance of MMR
deficiency, the International Society of Gynecological
Pathologists recommends that universal MMR testing be
performed in young women who wish to preserve their
fertility. Conversely, for patients with POLE-mutated and
p53 wild-type tumors, prognosis is good; therefore, these
women are ideal candidates for conservative treatment.
Studies on the effects of fertility-sparing progestin therapy
on some EC molecular subtypes have shown that POLE-
mutated tumors, and p53 wild-type tumors with wild-type
cyclin D1 and catenin beta 1 that are ER-positive and PR-
positive, lack 1q32.1 amplification, have low levels of L1
cell adhesion molecule expression and DNA damage, and
are without Lynch syndrome that are potential candidates
for conservative therapy [28].

AH is a precursor of endometrioid carcinoma. There is
a high level of concordance in genetic mutations observed
between paired AH and EEC specimens [29]. Mutations
identified in the patients described in this report also had
highly concordant genetic mutations. ProMisE classifica-
tion in patient 1 revealed p53abn EEC. Immunohistochemi-
cal examination of the AH specimen of patient 1 did not
reveal p53 positivity. The ProMisE classification in patient
2 revealed MMR-d EEC. We evaluated MLH1, MSH6, PMS,
and MSH2 via an immunohistochemical examination of the
AH specimen from patient 2. Results observed differed from
those of advanced endometrial carcinoma specimens only
with respect to MSH2. Detailed pathological features of both
patients are summarized in Table 2. Mutation of 7P53 and
the resultant inactivation of p53 contributes to cancer devel-
opment, progression, and metastasis. Moreover, the presence
of a mutation in p53 is associated with resistance to therapy
and poor prognosis. p53abn has also been associated with
failure to achieve disease regression in women with AH.
Individuals with MMR deficiencies have a significantly
increased risk of developing EC. In addition, MMR protein
deficiency, commonly associated with LS, is predictive of a

poor response to progestin treatment in AH and EEC [15].
Therefore, p53abn and MMR-d may be predictive biomark-
ers of progestin resistance [28].

Molecular assays used to identify new predictive bio-
markers and improve the safety of conservative treatment
in women with AH are needed. An analysis of the TCGA
program and other systematic cancer genome sequencing
studies showed that cancers are driven by mutations in tumor
suppressors and oncogenes, without chromosomal transloca-
tions [30-32]. Li et al. showed that AH and healthy samples
shared less than 5% similarity regarding mutations identi-
fied, indicating clonality with a high degree of divergence
[33]. Mutational profiles of paired AH and EC are highly
concordant in the majority of cases [34, 35]. Evidence of
clonal evolution has been demonstrated in whole-exome
sequencing studies of paired AH and concurrent EC [33].
Multiple AH lesions may arise concurrently or metachro-
nously from the endometrium as a result of the “field effect”.
Some AH lesions may be more likely to transition to EC than
others. AH, which is associated with a high risk of EC, may
be resistant to progesterone. Therefore, detailed geographi-
cal mapping of the endometrium is needed to fully assess
the heterogeneity of molecular alterations among individual
AH lesions [33]. Whole-exome sequencing of paired AH and
EC samples may identify molecular markers of progesterone
resistance, and mutations with significant overlap among AH
and EC may be genetic markers of progesterone resistance.

Conclusion

In summary, LNG-IUS insertion can effectively treat
AH; however, it is sometimes ineffective due to progestin
resistance. Cases presented in this report underscore the
importance of regular follow-up post-LNG-IUS insertion.
Genomic analyses provide an excellent opportunity to strat-
ify risk of EC progression and may be useful for identi-
fying molecular markers of EECs in patients considering
fertility-preserving treatments. There was a high degree
of concordance among genes mutation identified in AH
and EEC specimens. Molecular assays have the potential
to be useful for identifying novel predictive biomarkers of

Table 2 Pathological features of

. No Specimens PR ER pS3wt MLH1 MSH6 NSH2 PMS2 ProMisE
our patients
Case 1 AH + + -
EEC + + - p53abn
Case 2 AH + + - - + +
EEC + + - - - + MMR-d

PR progesterone receptor; ER estrogen receptor; p53wt p53 wild type; ProMisE proactive molecular risk
classification for endometrial cancer; AH atypical hyperplasia; EEC endometrioid endometrial cancer;
p53abn p53-abnormal; MMR-d mismatch repair deficient
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progestin resistance and improving the safety of conservative
treatment in women with AH. Combined assessment of PR
with identified molecular markers may improve predictive
accuracy.

Data Availability The datasets generated during the current study are
available from the corresponding author on reasonable request.

Code Availability Not applicable.

Declarations

Ethics Approval This is an observational study. The Second Hospital of
Hebei Medical University Research Ethics Committee has confirmed
that no ethical approval is required.

Consent to Participation Written informed consent was obtained from
the parents.

Consent for Publication Patients signed informed consent regarding
publishing their data and photographs.

Conflict of Interest The authors declare no competing interests.

References

1. Lacey JV Jr, Sherman ME, Rush BB, Ronnett BM, Loffe OB,
Duggan MA, Glass AG, Richesson DA, Chatterjee N, Langholz
B. Absolute risk of endometrial carcinoma during 20-year follow-
up among women with endometrial hyperplasia. J Clin Oncol.
2010;28:788-92.

2. Trimble CL, Kauderer J, Zaino R, Silverberg S, Lim PC, Burke
JJ 2nd, Alberts D, Curtin J. Concurrent endometrial carcinoma
in women with a biopsy diagnosis of atypical endometrial
hyperplasia: a Gynecologic Oncology Group study. Cancer.
2006;106:812-9.

3. Auclair MH, Yong PJ, Salvador S, Thurston J, Colgan TTJ,
Sebastianelli A. Guideline No. 392-Classification and Man-
agement of Endometrial Hyperplasia. J Obstet Gynaecol Can.
2019;41:1789-800.

4. Gallos ID, Yap J, Rajkhowa M, Luesley DM, Coomarasamy A,
Gupta JK. Regression, relapse, and live birth rates with fertility-
sparing therapy for endometrial cancer and atypical complex
endometrial hyperplasia: a systematic review and metaanalysis.
Am J Obstet Gynecol. 2012;207:266 €261-212.

5. Sinha A, Nwosu EC. Endometrial polyp and the levonorgestrel
intrauterine system—a case report and literature review. J Obstet
Gynaecol. 2002;22:695.

6. Jones K, Georgiou M, Hyatt D, Spencer T, Thomas H. Endome-
trial adenocarcinoma following the insertion of a Mirena [UCD.
Gynecol Oncol. 2002;87:216-8.

7. Abu J, Brown L, Ireland D. Endometrial adenocarcinoma fol-
lowing insertion of the levonorgestrel-releasing intrauterine
system (mirena) in a 36-year-old woman. Int J Gynecol Cancer.
2006;16:1445-7.

8. Ndumbe FM, Husemeyer RP. Endometrial adenocarcinoma in
association with a levonorgestrel-releasing intrauterine system
(Mirena). ] Fam Plann Reprod Health Care. 2006;32:113-4.

9. Flemming R, Sathiyathasan S, Jackson A. Endometrioid adeno-
carcinoma after insertion of a levonorgestrel-releasing intrauterine
system. J Minim Invasive Gynecol. 2008;15:771-3.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

Thomas M, Briggs P. A case of endometrial carcinoma in a long-
term levonorgestrel intrauterine system (LNG 52 mg-IUS) user.
Post Reprod Health. 2017;23:13-4.

van der Meer AC, Hanna LS. Development of endometrioid ade-
nocarcinoma despite Levonorgestrel-releasing intrauterine system:
a case report with discussion and review of the RCOG/BSGE
Guideline on the Management of Endometrial Hyperplasia. Clin
Obes. 2017;7:54-7.

Kuzel D, Mara M, Zizka Z, Koliba P, Dundr P, Fanta M. Malig-
nant endometrial polyp in woman with the levonorgestrel intrau-
terine system - a case report. Gynecol Endocrinol. 2019;35:112—4.
Raffone A, Travaglino A, Saccone G, Mollo A, De Placido G,
Insabato L, Zullo F. Should progesterone and estrogen receptors
be assessed for predicting the response to conservative treatment
of endometrial hyperplasia and cancer? A systematic review and
meta-analysis. Acta Obstetricia Et Gynecologica Scandinavica.
2019;98:976-87.

Colombo N, Creutzberg C, Amant F, Bosse T, Gonzalez-Martin
A, Ledermann J, Marth C, Nout R, Querleu D, Mirza MR, Sessa
C, Group E-E-EECCW. ESMO-ESGO-ESTRO Consensus Con-
ference on Endometrial Cancer: diagnosis, treatment and follow-
up. Ann Oncol. 2016;27:1641.

Travaglino A, Raffone A, Saccone G, Insabato L, Mollo A, De
Placido G, Zullo F. Immunohistochemical predictive markers of
response to conservative treatment of endometrial hyperplasia
and early endometrial cancer: a systematic review. Acta Obstet
Gynecol Scand. 2019;98:1086-99.

Talhouk A, McAlpine JN. New classification of endometrial can-
cers: the development and potential applications of genomic-based
classification in research and clinical care. Gynecol Oncol Res
Pract. 2016;3:14.

Talhouk A, McConechy MK, Leung S, Yang W, Lum A, Senz J,
Boyd N, Pike J, Anglesio M, Kwon JS, Karnezis AN, Huntsman
DG, Gilks CB, McAlpine JN. Confirmation of ProMisE: a simple,
genomics-based clinical classifier for endometrial cancer. Cancer.
2017;123:802-13.

Talhouk A, McConechy MK, Leung S, Li-Chang HH, Kwon JS,
Melnyk N, Yang W, Senz J, Boyd N, Karnezis AN, Huntsman
DG, Gilks CB, McAlpine JN. A clinically applicable molecu-
lar-based classification for endometrial cancers. Br J Cancer.
2015;113:299-310.

Lim P, Aquino-Parsons CF, Wong F, Dupuis B, Phillips D, Zhou
C, Gilks CB. Low-risk endometrial carcinoma: assessment of a
treatment policy based on tumor ploidy and identification of addi-
tional prognostic indicators. Gynecol Oncol. 1999;73:191-5.
Leon-Castillo A, Gilvazquez E, Nout R, Smit VT, McAlpine JN,
McConechy M, Kommoss S, Brucker SY, Carlson JW, Epstein E,
Rau TT, Soslow RA, Ganesan R, Matias-Guiu X, Oliva E, Har-
rison BT, Church DN, Gilks CB, Bosse T. Clinicopathological
and molecular characterisation of ‘multiple-classifier’ endometrial
carcinomas. J Pathol. 2020;250:312-22.

McMeekin DS, Tritchler DL, Cohn DE, Mutch DG, Lankes
HA, Geller MA, Powell MA, Backes FJ, Landrum LM, Zaino
R, Broaddus RD, Ramirez N, Gao F, Ali S, Darcy KM, Pearl
ML, DiSilvestro PA, Lele SB, Goodfellow PJ. Clinicopathologic
significance of mismatch repair defects in endometrial cancer: an
NRG oncology/gynecologic oncology group study. J Clin Oncol.
2016;34:3062-8.

Passarello K, Kurian S, Villanueva V. Endometrial cancer: an
overview of pathophysiology, management, and care. Semin oncol
nurs. 2019;35:157-65.

McConechy MK, Talhouk A, Li-Chang HH, Leung S, Huntsman
DG, Gilks CB, McAlpine JN. Detection of DNA mismatch repair
(MMR) deficiencies by immunohistochemistry can effectively
diagnose the microsatellite instability (MSI) phenotype in endo-
metrial carcinomas. Gynecol Oncol. 2015;137:306-10.

@ Springer



3284

Reproductive Sciences (2022) 29:3278-3284

24.

25.

26.

217.

28.

29.

30.

31.

Burleigh A, Talhouk A, Gilks CB, McAlpine JN. Clinical and
pathological characterization of endometrial cancer in young
women: identification of a cohort without classical risk factors.
Gynecol Oncol. 2015;138:141-6.

Chung YS, Woo HY, Lee JY, Park E, Nam EJ, Kim S, Kim SW,
Kim YT. Mismatch repair status influences response to fertility-
sparing treatment of endometrial cancer. Am J Obstet Gynecol.
2021;224:370 e371-370 e313.

Kommoss S, McConechy MK, Kommoss F, Leung S, Bunz A,
Magrill J, Britton H, Kommoss F, Grevenkamp F, Karnezis A,
Yang W, Lum A, Kramer B, Taran F, Staebler A, Lax S, Brucker
SY, Huntsman DG, Gilks CB, McAlpine JN, Talhouk A. Final
validation of the ProMisE molecular classifier for endometrial
carcinoma in a large population-based case series. Ann Oncol.
2018;29:1180-8.

Britton H, Huang L, Lum A, Leung S, Shum K, Kale M, Burleigh
A, Senz J, Yang W, McConechy M, Kommoss S, Brucker S, Tal-
houk A, Gilks CB, McAlpine JN. Molecular classification defines
outcomes and opportunities in young women with endometrial
carcinoma. Gynecol Oncol. 2019;153:487-95.

Baxter E, Brennan DJ, McAlpine JN, Mueller JJ, Amant F,
van Gent M, Huntsman DG, Coleman RL, Westin SN, Yates
MS, Krakstad C, Quinn MA, Janda M, Obermair A. Improving
response to progestin treatment of low-grade endometrial cancer.
Int J Gynecol Cancer. 2020;30:1811-23.

Chapel DB, Yamada SD, Cowan M, Lastra RR. Immunohisto-
chemistry for mismatch repair protein deficiency in endometrioid
endometrial carcinoma yields equivalent results when performed
on endometrial biopsy/curettage or hysterectomy specimens.
Gynecol Oncol. 2018;149:570-4.

Cancer Genome Atlas Research N, Kandoth C, Schultz N, Cher-
niack AD, Akbani R, Liu Y, Shen H, Robertson AG, Pashtan I,
Shen R, Benz CC, Yau C, Laird PW, Ding L, Zhang W, Mills GB,
Kucherlapati R, Mardis ER, Levine DA. Integrated genomic char-
acterization of endometrial carcinoma. Nature. 2013;497:67-73.
Zehir A, Benayed R, Shah RH, Syed A, Middha S, Kim HR, Srini-
vasan P, Gao J, Chakravarty D, Devlin SM, Hellmann MD, Barron

@ Springer

32.

33.

34.

35.

DA, Schram AM, Hameed M, Dogan S, Ross DS, Hechtman JF,
DeLair DF, Yao J, Mandelker DL, Cheng DT, Chandramohan R,
Mohanty AS, Ptashkin RN, Jayakumaran G, Prasad M, Syed MH,
Rema AB, Liu ZY, Nafa K, Borsu L, Sadowska J, Casanova J,
Bacares R, Kiecka 1J, Razumova A, Son JB, Stewart L, Baldi T,
Mullaney KA, Al-Ahmadie H, Vakiani E, Abeshouse AA, Penson
AV, Jonsson P, Camacho N, Chang MT, Won HH, Gross BE,
Kundra R, Heins ZJ, Chen HW, Phillips S, Zhang H, Wang J,
Ochoa A, Wills J, Eubank M, Thomas SB, Gardos SM, Reales
DN, Galle J, Durany R, Cambria R, Abida W, Cercek A, Feldman
DR, Gounder MM, Hakimi AA, Harding JJ, Iyer G, Janjigian YY,
Jordan EJ, Kelly CM, Lowery MA, Morris LGT, Omuro AM,
Raj N, Razavi P, Shoushtari AN, Shukla N, Soumerai TE, Var-
ghese AM, Yaeger R, Coleman J, Bochner B, Riely GJ, Saltz LB,
Scher HI, Sabbatini PJ, Robson ME, Klimstra DS, Taylor BS,
Baselga J, Schultz N, Hyman DM, Arcila ME, Solit DB, Ladanyi
M, Berger MF. Mutational landscape of metastatic cancer revealed
from prospective clinical sequencing of 10,000 patients. Nat Med.
2017;23:703-13.

Hong B, Le Gallo M, Bell DW. The mutational landscape of endo-
metrial cancer. Curr opin genet dev. 2015;30:25-31.

Li L, Yue P, Song Q, Yen TT, Asaka S, Wang TL, Beavis AL,
Fader AN, Jiao Y, Yuan G, Shih IM, Song Y. Genome-wide muta-
tion analysis in precancerous lesions of endometrial carcinoma. J
Pathol. 2021;253:119-28.

Abdulfatah E, Wakeling E, Sakr S, Al-Obaidy K, Bandyopadhyay
S, Morris R, Feldman G, Ali-Fehmi R. Molecular classification of
endometrial carcinoma applied to endometrial biopsy specimens:
towards early personalized patient management. Gynecol Oncol.
2019;154:467-74.

Russo M, Broach J, Sheldon K, Houser KR, Liu DJ, Kesterson J,
Phaeton R, Hossler C, Hempel N, Baker M, Newell JM, Zaino R,
Warrick JI. Clonal evolution in paired endometrial intraepithelial
neoplasia/atypical hyperplasia and endometrioid adenocarcinoma.
Hum Pathol. 2017;67:69-77.



	Endometrial Cancer Following Levonorgestrel-Releasing Intrauterine System Insertion in Young Women with Atypical Hyperplasia: Two Case Reports and Literature Review
	Abstract
	Introduction
	Case Report
	Case 1
	Case 2

	Discussion
	Conclusion
	References




