Seminars in
ULTRASOUND
CT and MRI

Adenomyosis As a Confounder to Accurate "
Endometrial Cancer Staging

Check for
Updates

Mahmoud A. Khalifa, MD, PhD,* Mostafa Atri, MD," Molly E. Klein, MD,*

Sayak Ghatak, MD,* and Paari Murugan, MD*

The coexistence of endometrial adenocarcinoma and adenomyosis in the same uterus is a
common phenomenon. In many of such affected patients foci of adenomyosis could also be
colonized by adenocarcinoma. The various permutations arising from these scenarios pose
preoperative imaging and postoperative pathologic staging challenges. This article aims to
raise awareness of these staging issues and lists some of the relevant practical
approaches. Adenomyosis reduces the accuracy of magnetic resonance imaging in assess-
ing the depth of invasion as it reduces the contrast between the endometrial cancer adeno-
myosis-involved myometrium. The article also offers an alternate argument for staging
cancers where myoinvasion is found deep in the myometrium, arising from cancer-positive
adenomyotic foci when the surface tumor is either limited to the endometrium or to the

inner half of myometrium.
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Introduction

ndometrial adenocarcinoma is the most common invasive

malignancy of the female genital tract in North America.'
Most cases are of the endometrioid cell type (or type I), and
since the disease commonly presents by abnormal uterine
bleeding, patients tend to seek medical care relatively early
when the tumor is still confined to the uterine corpus (Stage 1)
at the time of diagnosis. The depth of myometrial invasion by
endometrial adenocarcinoma, as determined in the subsequent
hysterectomy specimen, closely correlates with lymph node
metastasis and is a documented predictor of hematogenous
spread and recurrence.” " Subsequently, the depth on myome-
trial invasion relevant to the full myometrial thickness is the
sole subclassification determinant of endometrial cancer staging
when the tumor is limited to the uterus. These tumors are
assigned a pTla vs a pT1b stage according to whether they are
limited to the inner myometrial half or invade into the outer
half respectively. The ability of malignant cells to invade into
the underlying myometrium and to exist in its outer layers is
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believed to be influenced by several intrinsic tumor factors as
well as suspected extrinsic topographic factors. Intrinsic tumor
factors, which have been documented to influence myometrial
invasion are its histologic Federation of Gynecology and Obstet-
rics (FIGO) grade,” the nonendometrioid histology,” oncogene
overexpression,”© ploidy,” and proliferative activity.”” Among
the extrinsic topographic factors suspected to affect positioning
of malignant cells in the myometrium is pre-existing adenomyo-
sis and its involvement by endometrial adenocarcinoma.'"”
Studies have shown that involvement of pre-existing adeno-
myosis by endometrial adenocarcinoma represents an increased
risk for myometrial invasion in patients with FIGO grade 1
adenocarcinomas and is typically associated with outer half
myometrial invasion.'”'" Other investigators have confirmed
that adenomyosis is associated with deep myometrial invasion
by endometrial endometrioid adenocarcinoma but could not
confirm its risk for recurrence or increased mortality.'”
Adenomyosis, or the presence of endometrial glands and
stroma, disconnected from the native endometrium, within the
myometrium deeper than one low-powered microscopic field
(approximately 2.1 mm), is a common condition that is
reported in 15%-30% of hysterectomy specimens."” Foci of
adenomyosis are confirmed in hysterectomy specimens per-
formed for the management of endometrial adenocarcinoma
with incidences ranging from 9% to 34%.'"'” Similarly, a
recent study of patients with adenomyosis, found endometrial
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adenocarcinoma in 5.5% of uteri examined.”’ With this rela-
tively high likelihood of encountering these 2 conditions in the
same patient, it becomes prudent to address the challenges that
could be posed by adenomyosis on staging endometrial adeno-
carcinoma. This discussion will cover both aspects of preopera-
tive imaging and postoperative pathologic staging.

Preoperative Imaging Staging
Challenges

Magnetic resonance imaging (MRI) is currently the cross-
sectional modality of choice to determine depth of myometrial
invasion as well as extension of the disease to the cervix. The
standard MRI sequences that delineate endometrial cancer
include T2-weighted, dynamic T1-weighted gadolinium (early
and late) sequences, and diffusion-weighted imaging including
apparent diffusion coefficient map. Diffusion-weighted imaging
(DWI) increases the accuracy of conventional sequences. Endo-
metrial cancer is low to more frequently intermediate signal
intensity on T2-weighted sequence and hypoenhancing on the
gadolinium sequence. Interruption of the enhancing sub-
endometrial stripe of the junctional zone at the endomyo-
metrial junction in the arterial phase and low T2 signal of
the more compact junctional zone determine superficial
invasion.”' In a recent meta-analysis, sensitivity and spec-
ificity of MRI to determine depth of invasion was 82%
and 83%, respectively.22

Adenomyosis manifests as thickening with or without
poor definition of the junctional zone, and areas of poorly
defined low T2 signal in the myometrium, representing
smooth muscle hyperplasia.”” In addition, high T2 signal
areas corresponding to endometrial glands may be present.”’
It may also result in heterogenous enhancement of
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myometrium on the gadolinium sequenced.”’ Presence of
adenomyosis reduces the accuracy of MRI to assess depth of
invasion by reducing the contrast between the endometrial
cancer and adenomyosis-involved myometrium”' (Fig. 1).
Early T1-weighted gadolinium sequence appears to be supe-
rior to T2-weighted and late postgadolinium sequences to
assess for depth of invasion in adenomyosis (Fig. 1).”' The
addition of diffusion-weighted sequence appears to improve
the accuracy of MRI for depth assessment when there is
underlying adenomyosis.”* Tumors appear high signal on
the high B value DWI sequence and hypointense on the cor-
responding apparent diffusion coefficient map, distinguish-
ing it from adenomyosis (Fig. 2). Recent literature suggests
inclusion of a reduced field of view DWI further enhances
the accuracy of MRI.”” Nonoperative treatment of endome-
trial cancer in young women to preserve fertility would
require the absence of myometrial invasion. This is con-
firmed by the presence of a continuous subendometrial
enhancement in the arterial phase of gadolinium sequence
and sharp demarcation of the endomyometrial junction at
the junctional zone on T2-weighted imaging; both are dis-
turbed by the presence of adenomyosis.”

Postoperative Pathologic
Staging Challenges

In patients with pre-existent adenomyosis, hysterectomies
performed for endometrial adenocarcinoma may show
tumor coexistence in the adenomyotic foci without true
myometrial invasion. This finding is not considered as true
myometrial invasion and does not influence, by itself, the
assigned tumor stage. When the 2 conditions coexist,
involvement of adenomyosis by adenocarcinoma is seen in

Figure 1 50-year-old woman. Hysterectomy showed Stage 1A endometrioid cancer limited to the endometrium and
adenomyosis. (A) Sagittal T2-weighted sequence shows poorly defined high signal thickening of the endometrium in
the body and lower uterine segment surrounded by adenomyosis. (B) Sagittal T1-weighted + gadolinium sequence
shows hypovascular well-defined focal thickening (arrow) of the endometrium in the lower uterine segment.
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Figure 2 35-year-old woman. Hysterectomy showed Stage 1A endometrioid cancer limited to the endometrium and adeno-
myosis. (A) Sagittal T2-weighted sequence shows irregular mixed signal thickening (arrows) of the dorsal endometrium in
the body and lower uterine segment in a patient with history of trachelectomy. There is poor definition of the junctional
zone with thick dorsal myometrium; (B) Sagittal T1-weighted + gadolinium sequence shows poor definition of the endome-
trium in the upper body of the uterus (arrows) in a patient with history of trachelectomy; (C) Axial DWI sequence (B value
1000) shows focal high signal thickening (arrow) of the endometrium; (D) Axial ADC map shows no diffusion restriction
corresponding to the high signal area on DWI sequence due to the low grade of the cancer.

49.5%'" t0 53.6%"" of all hysterectomy specimens, depend-
ing on the uterine grossing and sampling protocols used by
the respective laboratories. It was suggested that this phe-
nomenon could simply occur as a result of the low resistance
of these areas compared to the remainder of the endometrial-
myometrial junction.”® This low resistance was proposed to
allow the adenocarcinoma of the native and/or surface endo-
metrial lining to spread downward directly to colonize pre-
existing adenomyosis. However, findings of other studied
have suggested a “field effect” mechanism rather than a “direct
extension” one. In this model, endometrial adenocarcinoma is
proposed to arise de novo as neoplastic transformation in
adenomyosis.””" Trrespective of the mechanism of develop-
ment, coexistent tumors of the endometrium and adenomyo-
sis are frequently preceded by estrogen therapy, are of low
histologic grades, and have excellent prognosis.”' Cancer-
positive adenomyotic foci without myometrial invasion
would typically have round smooth contour and residual
endometrial stroma or benign endometrial glands surround-
ing malignant cells (Fig. 3). These foci would appear micro-
scopically as areas of adenocarcinoma surrounded by
myometrium which could represent some diagnostic difficul-
ties during intraoperative consultation by frozen section
examination. However, distinguishing them from true
myometrial invasion by malignant cells is relatively
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straightforward on permanent sections and, in most cases, is
not significantly challenging for the experienced pathologist.
It is established that the presence of these foci should not
affect tumor stage or outcome.'” Some researches even sug-
gested that pre-existing adenomyosis may offer a preventive
mechanism against myometrial invasion by adenocarcinoma.
It is suggested that the microenvironment changes surround-
ing the deep cancer-positive adenomyotic foci induce an
inflammatory response against tissue injury and myometrial
hyperplasia mediated by the secreted growth factors could
restrict further tumor myoinvasion. 2

However, in some patients with coexistent tumors in the
endometrium and adenomyosis, true myometrial invasion
takes place from areas of cancer-positive adenomyosis. This
phenomenon is marked by the presence of irregular clusters
or malignant glands with ragged outlines extended out of the
adenomyotic foci and into adjacent myometrium (Fig. 4).
They typically are surrounded by desmoplastic stromal
response, edema, and chronic inflammatory changes, in the
absence of endometrial stroma. These microscopic features
are used reliably by pathologists to distinguish between cases
where adenocarcinoma is confined to adenomyosis, and
should not count as true myometrial invasion, from the
other, less common, examples where true myometrial inva-

sion has taken place from cancer-positive adenomyotic foci.

Figure 3 Cancer-positive adenomyosis without myometrial invasion. (A) Low power depicting the round smooth con-
tour of the lesion; (B) Cancer-positive foci appear as areas of adenocarcinoma surrounded by myometrium which could
represent a challenge during frozen section examination; (C) High power depicting the round smooth contour and the
preservation of benign endometrial stroma; (D) Benign endometrial glands located at the periphery of adenocarcinoma

are help exclude myometrial invasion.
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Figure 4 Cancer-positive adenomyosis with invasion of adjacent myometrium. (A) The focus has ragged outlines
extending out of the adenomyosis and into adjacent myometrium. Stroma is desmoplastic and edematous; (B) The
invasive focus shows inflammation and absent endometrial stroma; (C) In addition to the ragged outlines, some malig-
nant glands broke off the main focus and traveled into the adjacent myometrium for a short distance.

Extension of adenocarcinoma of the native endometrium
and colonizing underlying adenomyosis, or the concomitant
de novo adenocarcinoma in both locations with subsequent
invasion into the adjacent myometrium from cancer-positive
adenomyotic foci is an uncommon phenomenon.”’ The
degree of subjectivity involved in confidently making this
diagnosis and the variability introduced by the local grossing
and sampling protocols in various laboratories is well-
acknowledged. This has led to the view proposed by some
researchers to limit staging of endometrial adenocarcinoma to
myometrial invasion noted at the native endomyometrial junc-
tion. On the other hand, since the depth of myometrial inva-
sion remains as an important indicator for recurrence, overall
survival, lymph node metastasis and the only independent
predictor of hematogenous dissemination in patients with
endometrial adenocarcinoma, accurate measurement of
myoinvasion stands as a significant task for the pathologist
postoperatively.” * Myometrial invasion arising from cancer-
positive adenomyosis located in the outer myometrium is con-
ceptually challenging to pathologists since, on one hand,
malignant cells in these cases invade for a short distance of
only few millimeters, but on the other hand, are present in the
outer myometrium which is often considered as a marker for
poorer outcome. Native endometrial cancer that invades the
underlying myometrium for only few millimeters is usually
classified as pTla (limited to inner myometrial half) whereas
more advanced examples where malignant cells reach the
outer myometrial half are classified as pT1b. Currently, there
are no guidelines for staging endometrial adenocarcinoma in
which myoinvasion is found deep in the myometrium and is
arising from cancer-positive adenomyotic foci when the sur-
face tumor is either limited to the endometrium or to the inner
half of myometrium. This particular scenario has not been
addressed by the FIGO system. To address this issue, Ali et al’’
proposed measuring the distance between the adenomyosis
and/or myometrial interface and the deepest extent of invasive
tumor as the depth of myometrial invasion. Acknowledging
that this approach has not been validated specifically, Soslow””
supported it and suggested that few cells of myometrial-invasive
carcinoma deep in the myometrium will not have the same clin-
ical implication as a mass of millions of tumor cells arranged
contiguously from the overlying native endomyometrial junc-
tion to the deepest focus.

While this logic could be true, we argue that the outcome of
endometrial adenocarcinoma in this particular scenario is not
solely dependent on the number of malignant cells and the
mere distance they travel. The size of endometrial adenocarci-
noma, as a proxy of the total number of malignant cells for
example, is not part of the American Joint Commission on Can-
cer or the International FIGO staging systems. Tumor size is
incorporated for risk stratification in an intraoperative algorithm
regarding staging procedure but is still not considered as a hall-
mark for endometrial cancer staging.”””° The physical presence
of the invasive malignant cells in close proximity to the Arcuate
Vascular Plexus (AVP) located in the outer myometrium,?’7 irre-
spective of their true biologic malignant potential, offers them a
distinct advantageous access to the vascular bed and metastasis.
The fact that the pT1b classification of endometrial adenocarci-
noma implies a worse prognosis than that of a pT1a class could
partly be because of the bulk of tumor required to invade into
the outer myometrial half, but could also be due to the accessi-
bility to the AVP malignant cell gain by being in this location.

Soslow’s approach”””* has been endorsed by the College of
American Pathologists (CAP) in the current version of Cancer Pro-
tocol Template for endometrial adenocarcinoma published in
2018.% The protocol referenced Ali et al” work as the suggested
approach to reporting these cases which would classify them with
few millimeters myometrial invasion from cancer-positive
adenomyotic foci as pTla adenocarcinomas even though malig-
nant cells are present in the outer myometrium. It is of note that
the same CAP protocol has introduced, for the first time, the pres-
ence of adenomyosis in the hysterectomy specimen and its status
as whether it is involved by adenocarcinoma as a nonrequired
checklist entry.” This development highlights concerns of the
impact adenomyosis could have on accurate endometrial cancer
staging without outlining its practical application at the current
time. It is hoped that the adoption of this new CAP protocol and
the consistent reporting on the status of adenomyosis will help
accumulate the data needed to objectively address staging issues of
endometrial adenocarcinoma when invasion into the outer myo-
metrium occurs from cancer-positive adenomyotic foci when the
surface tumor is either limited to the endometrium or the inner
half of myometrium. A counter-logic suggesting the alternate classi-
fication of these tumors as pT1b carcinomas is presented in the fol-
lowing discussion emphasizing the role of physical proximity of
invasive malignant cells to the AVP in the outer myometrium.
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Tumor-Free Distance from Serosa

Tumor-free distance (TFD) from uterine serosa is the distance
from the deepest myometrial invasion by adenocarcinoma to
the serosal surface. While this is a single measurement that is
easier and more practical for the pathologist to perform as it
does not take in account measurement of the myometrial thick-
ness, it has not been widely adopted by North American gyne-
cologic oncologists or staging systems. Compared to the depth
of myometrial invasion, TFD has been shown in multivariant
analyses to be a more superior predictor for recurrence, death
of disease, lymph node involvement.”** Studies that have vali-
dated TFD as a superior outcome predictor add evidence to the
hypothesis that the mere location of malignant cells and their
physical proximity to the AVP in the outer myometrium is an
important factor that needs to be taken in consideration. The
closer malignant cells are to the uterine serosa, the worse is the
prognosis. This approach, which has already been validated,
does not incorporate the bulk of tumor or the distance malig-
nant cells travel. Rather, it simply highlights the topographic
role and metastatic advantage for cancer cells when they are
present in the outer myometrium, closer to uterine serosa.

Primary Adenocarcinoma
Arising Within Adenomyosis

Primary endometrioid adenocarcinoma arising within adeno-
myosis diagnosed in hysterectomy specimens with normal,
non-neoplastic native endometrium is a rare event that is mostly
documented in case reports and small case series.”” " While
the tumor could be confined to adenomyosis'’ a pathologist
would most likely diagnose these rare tumors that showed inva-
sion into adjacent myometrium of the outer half as stage pT1b
tumors.”*® Two of these rare examples are of particular inter-
est. The case reported by Puppa et al** was a moderately differ-
entiated endometrioid adenocarcinoma limited to a focus of
adenomyosis reported in a hysterectomy with unilateral sal-
pingo-oophorectomy specimen. The patient developed recur-
rence to her pelvic lymph nodes, confirmed by cytologic
examination, 4 months postoperatively. The other patient
received modified radical hysterectomy with bilateral salpingo-
oophorectomy and pelvic lymphadenectomy for a pT1b, FIGO
1 endometrioid adenocarcinoma limited to foci of adenomyosis.
This was followed by 5 cycles of adjuvant chemotherapy. Five
years later, the patient developed right lung metastasis and right
para-aortic and pelvic lymph node metastases.”” These 2 cases
may point to the metastatic advantage gained by malignant cells
when physically located in the outer myometrium and justify
classifying them as pT1b tumors. By extrapolation, malignant
cells invading deep myometrium, even when they travel for few
millimeters from foci of cancer-positive adenomyosis could
impart a similar adverse outcome.

Conclusion

MRI continues to be the modality of choice for preoperative
staging of endometrial cancer. It provides clinically actionable

information regarding the depth of myometrial invasion (Stage
1A vs 1B) as well as extension of the disease to the cervix
(Stage 1 vs 2). Interpreting radiologists are becoming increas-
ingly aware of the effect of adenomyosis in reducing the accu-
racy of MRI to assess depth of invasion as it reduces the
contrast between the endometrial cancer and adenomyosis-
involved myometrium.

Myometrial invasion arising from cancer-positive adenomyo-
sis located in the outer myometrium is conceptually challenging
to pathologists, especially when the surface tumor is either lim-
ited to the endometrium or to the inner half of myometrium.
On one hand, malignant cells in these cases invade for only few
millimeters, but on the other hand, are present in the outer
myometrium which is often considered as a marker for poorer
outcome because of their proximity to large vascular channels.
Currently, there are suggested approaches but no guidelines for
staging endometrial adenocarcinoma with this scenario. Until
guidelines are validated and published, it is recommended that
pathologists, when faced with this unusual situation, elaborate
in their report and offer the background reasoning for their
reported tumor stage.
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