Case #1
Presenter: Joy Hoang, MD

Attending: Taylor Zak, MD PhD

Clinical History:

A 78-year-old male with a history of T2DM and HTN presented to the ED due to worsening of rash and
bruising of the scalp, face, upper chest, and back. The rash has been present for the past three weeks
but has acutely worsened within the past few days. He reports it is itchy and painful. CT scan showed
diffuse lymphadenopathy involving the axillary, mediastinal, and inguinal regions, as well as
splenomegaly of up to 17 cm. Additionally, CBC shows anemia, thrombocytopenia, neutropenia, and an
absolute lymphocytosis of 7.3 k/mm3. Peripheral blood smear was flagged for path review due to the
presence of atypical lymphocytes. Skin biopsy of the rash, peripheral smear, and lymph node biopsy are
provided for review.

Final Diagnosis: Blastic Plasmacytoid Dendritic Cell Neoplasm
Differential Diagnoses:

¢ Hematopoietic Neoplasms
o Acute Myeloid Leukemia / Myeloid Sarcoma
o Acute Undifferentiated Leukemia
o Acute Lymphoblastic Leukemia / Lymphoma
o Blastic Plasmacytoid Dendritic Cell Neoplasm
o Blastoid Variant of Mantle Cell Lymphoma

e Melanoma

o Poorly differentiated carcinoma

o Merkel Cell Carcinoma

e Tumid Lupus

Histopathology:



e Skin Biopsy: Low power view of the skin shows diffuse involvement of the dermis and deep
subcutaneous tissues by a blue / basophilic infiltrate. The overlying epidermis is uninvolved. At
higher power, we can see the infiltrate is comprised of medium to large cells with high N:C ratio
and irregularly shaped nuclei.



Peripheral Smear: There is marked anemia and thrombocytopenia. In the top left and center of
the image, there are circulating lesional cells which are larger in comparison to the lymphocyte
present. These lesional cells demonstrate irregularly shaped nuclei with variably fine chromatin
and inconspicuous nucleoli. Their cytoplasm is slightly basophilic to pale blue and contains
cytoplasmic vacuoles of varying sizes. Overall, the morphology appears similar to what was seen
in the patient's skin.



Lymph Node: At low power, there is diffuse effacement of normal lymph node architecture with
extension of the lesion outside the lymph node capsule. Higher power reveals the same
monotonous population displaying blastoid morphology. Mitotic figures are readily visualized.
Touch preparations of the lymph node show that the morphology of the neoplastic cells is similar
to that seen in the peripheral blood, with monotonous medium to large-sized cells displaying fine
chromatin and cytoplasmic vacuoles.



Immunophenotype by Flow Cytometry and IHC Staining:

Positive Markers: Negative Markers:
CD33 MPO
CD2 CD34
HLADR Surface CD3 and cytoplasmic CD3
CD123 CD19
CDh4 CD14
CD56 CD64
CD303 CDl1lc
TCL1la Lyzozyme
MPO
CDla
Discussion:

Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is a rare, aggressive hematologic malignancy
derived from plasmacytoid dendritic cell precursors. This entity can present significant diagnostic
challenges. Its distinction from other blastoid hematopoietic entities such as acute myeloid leukemia
(AML) requires careful attention to morphology, immunophenotyping, and molecular features.

BPDCN, while a rare disease, typically presents in older male patients. It is commonly characterized by
disseminated, extramedullary involvement with common sites including skin, lymph nodes, bone marrow,
or CSF. In particular, skin lesions are a common presenting feature of BPDCN and are described as deep
purple to red-brown macules, plagues, or tumors. Histopathology shows diffuse, monomorphic cells with
irregular nuclei, fine chromatin, and scant, agranular cytoplasm. Overall, the cells typically display a
blastoid morphology with eccentric nuclei and may show delicate wispy cytoplasmic extensions
(pseudopodia) and cytoplasmic microvacuoles (“string of pearls”).

The distinction between BPDCN and AML, particularly AML with monocytic differentiation or AML with
plasmacytoid dendritic cell differentiation (pDC-AML), is critical, as they can share overlapping
immunophenotypic markers (CD4, CD56, CD123, HLA-DR). Diagnosis of BPDCN requires
immunophenotypic evaluation with specific plasmacytoid dendritic cell (pDC) markers such as CD123,
TCF4, TCL1, CD303, and CD304, along with CD4 and CD56. The diagnostic criteria given by the WHO
specify either: (1) expression of CD4 and/or CD56 plus CD123 and one other pDC marker, OR (2)
expression of any three pDC markers with absent expression of expected negative markers (CD3, CD14,
CD19, CD34, lysozyme, myeloperoxidase). BPDCN is characterized by frequent mutations in TET2
(57%), ASXL1 (33%), NRAS (29%), SRSF2 (14%), and ZRSR2 (14%).

The prognosis of BPDCN is overall poor, with a median overall survival ranging from 8 to 24 months
depending on the study. However, cases of pediatric BPDCN have been described to demonstrate less
aggressive behavior and better response to chemotherapy as compared to their adult counterpart.
Targeted treatment for BPDCN includes Tagraxofusp, which is drug consisting of a fusion protein
consisting of interleukin 3 (IL-3) fused to diphtheria toxin. The fusion protein readily kills cultured pDCs by
binding to their IL-3 receptor (CD123), thereby gaining entrance to the neoplastic cells and subsequently
blocking the cells’ protein synthesis. Other regimens for treating BPDCN include regimens used for AML
and B-ALL. For patients who can achieve initial remission, stem cell transplant is a viable treatment
option.



Take home points:

BPDCN is a unique and aggressive neoplasm derived from pDC precursors with characteristic
disseminated involvement; skin lesions are frequently the initial declaration of disease. BPDCN has a
classic immunophenotype of "123456": CD123, CD4, CD56. However, as entities such as AML with
monocytic differentiation have been described to display this phenotype, it is important to demonstrate the
expression of other pDC markers (CD303,CD304, TCL1, TCF4) in order to make a definitive diagnosis of
BPDCN. Ultimately, a multidisciplinary team is crucial for diagnosing and treating BPDCN and includes
many members such as hematopathologists, dermatopathologists, cytopathologists,
hematologists/oncologists, stem cell transplant staff, dermatologists, etc.
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Case #2:
Presenter: Havva Gokce Terzioglu, MD

Attendings: Guliz A. Barkan, MD and Phillip McMullen, MD, PhD

Diagnosis: Epithelioid Inflammatory Myofibroblastic Sarcoma

Clinical history:

The patient is a 58-year-old woman with a history of psoriasis and asthma who presented after a
syncopal episode on a flight from Europe, followed by approximately one week of cough and shortness of
breath. Computed tomography angiography of the chest was negative for pulmonary embolism but
revealed a 5.0 cm mass in the right lung, along with tree-in-bud nodularities in the left lower lobe favored
to represent infectious bronchiolitis. She was treated with antibiotics, resulting in resolution of respiratory
symptoms; however, follow-up imaging demonstrated persistence of the right lung mass. Subsequently,
transbronchial biopsy and needle aspiration and resection of the mass lesion were performed.

Morphology:

Transbronchial needle aspiration and biopsy: Smears showed limited viable material, consisting of
squished cells with elongated nuclei in a background of lymphocytes. Diff-Quik—stained touch
preparations demonstrated scattered spindle cells with elongated nuclei in an inflammatory background.
At high magnification, the spindle cells exhibited vesicular chromatin, inconspicuous nucleoli, and variable
cytoplasm. A satisfactory cell block was obtained, showing cohesive spindle to epithelioid cells in a
lymphoplasmacytic background with focal necrosis. Transbronchial biopsy yielded lesional fragments and
adjacent alveolated lung parenchyma. The morphology was similar to the cell block, with a more
prominent plasma cell-rich inflammatory infiltrate.
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Resection: Right upper and middle lobectomy revealed a 7.3 x 5.2 cm tan-white, relatively well-
circumscribed solid mass with foci of calcification and hemorrhage. Histologic sections showed areas
resembling low-grade spindle cell morphology seen in the biopsy, as well as epithelioid areas composed
of round to oval cells with prominent nucleoli and abundant granular cytoplasm. More advanced atypical
features were present, including binucleation, hyperchromasia, increased mitotic activity, and extensive
Necrosis.



Differential diagnosis:

¢ Infectious or inflammatory pseudotumor

e Pleomorphic carcinoma

¢ Inflammatory myofibroblastic tumor (IMT) (with malignant transformation)
e Leiomyosarcoma

o EBV-positive inflammatory follicular dendritic cell sarcoma

Stains:
Category Stains
Positive ALK (diffuse), SMA (focal), Desmin (focal)
Negative AE1/AE3, CK8/18, Calponin, S100, SOX10,
CD21, CD23, OSCAR
Special stains AFB (=), GMS (-)
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Molecular:

Comprehensive molecular testing identified:

e SQSTM1::ALK fusion



e TERT promoter mutation (C228T)

Discussion:

An infectious or reactive inflammatory pseudotumor was initially considered given the inflammatory
background. However, special stains for microorganisms, including AFB and GMS, were negative, and
there was no granulomatous inflammation. In addition, the tumor demonstrated diffuse ALK positivity,
supporting a clonal neoplastic process rather than a reactive lesion. Pleomorphic (spindle cell) carcinoma
was also considered due to the spindle cell morphology. However, the tumor cells were negative for
epithelial markers, including AE1/AE3 and CK8/18, arguing against epithelial differentiation and excluding
this diagnosis. Leiomyosarcoma was evaluated in the differential given the presence of bland spindle
cells and focal expression of smooth muscle markers. However, SMA and desmin were only very focally
positive, calponin was negative, and the presence of diffuse ALK positivity was not typical for
leiomyosarcoma, making this diagnosis unlikely. EBV-positive inflammatory follicular dendritic cell
sarcoma was considered due to the prominent lymphoplasmacytic background. However, the tumor cells
were negative for follicular dendritic cell markers, including CD21 and CD23, the pulmonary location was
atypical, and diffuse ALK positivity is not a feature of this entity, supporting its exclusion. The combination
of spindle cell morphology, inflammatory background, and diffuse ALK positivity most strongly supported
a diagnosis of inflammatory myofibroblastic tumor. However, the presence of cytologic atypia, increased
mitotic activity, and necrosis raised concern for malignant transformation, which was subsequently
confirmed on resection as epithelioid inflammatory myofibroblastic sarcoma.

Epithelioid inflammatory myofibroblastic sarcoma is a rare, high-grade malignant variant of inflammatory
myofibroblastic tumor. First described in 2011, it is characterized by epithelioid morphology, near-
universal ALK rearrangements, and aggressive clinical behavior with early recurrence and metastasis.
Histologically, EIMS is composed of sheets of round to epithelioid cells with vesicular nuclei, prominent
nucleoli, and abundant cytoplasm. A minor spindle cell component may be present. Increased mitotic
activity and necrosis help distinguish EIMS from conventional IMT. Immunohistochemically, EIMS is
almost always ALK positive, often with fusion partner—dependent staining patterns. Desmin is frequently
positive, SMA is variable, and keratins are usually negative. Molecularly, ALK rearrangement is a defining
feature, most commonly involving RANBP2 or RRBP1, with rare fusion partners such as SQSTM1.
Pulmonary involvement by EIMS is extremely rare. Review of reported cases highlights the limited
number of documented pulmonary examples and underscores the diagnostic challenges posed by this
entity in the lung.

Learning points:

o Pulmonary spindle cell lesions have a broad differential diagnosis, including infectious,
inflammatory, and neoplastic entities.

¢ Epithelioid inflammatory myofibroblastic sarcoma is a rare but aggressive malignant variant of
IMT characterized by epithelioid morphology, necrosis, and ALK rearrangement.

e Accurate classification is critical, given the potential role of targeted therapy in ALK-driven
neoplasms.

o Well-sampled cytology with cell block can yield highly representative material and often drive the
diagnostic and molecular workup in challenging tumors.
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IRAP Case #3

Presenter: Madelyn Traczek, DO

Attendings: Dr. Robert Pooley, MD; Dr. Phillip McMullen, MD, PhD
Clinical History:

A 23 year old Asian man with past medical history significant for polysubstance use including
Ketamine (5-7 g/week), alcohol (2-4 drinks/week), and Tylenol for pain (4-5 tablets/day, dose unknown)
presented to an outside hospital emergency department complaining of three days of abdominal pain,
nausea, and dysuria. The patient reported to the clinical team that the recreational ketamine he
purchased was frequently cut with “vitamins,” so it was unclear if any additional substances may have
been consumed as a result. Labs upon presentation were significant for leukocytosis and transaminitis.
Given the history provided, clinicians were concerned for drug-induced liver toxicity and the patient was
treated with N-acetylcysteine. The patient failed to improve and as a result was transferred to Loyola
University Medical Center (LUMC) four days after initial presentation for escalation of care and liver
transplant evaluation. During transport the patient became hypoxic and tachypneic, requiring MICU
admission for treatment of acute hypoxic respiratory failure. CT abdomen and pelvis taken shortly after
arrival to LUMC showed an enlarged liver with nonspecific findings consistent with acute hepatitis, and
lungs with bilateral ground-glass opacities and mild bilateral effusions, suspicious for multifocal
pneumonia. The patient continued to decline rapidly, exhibiting signs of multi-organ failure with a steeply
increasing white blood cell count and liver enzymes. The white blood cell count peaked at 49.4 on his
second day of admission at Loyola. The patient’'s CBC was also significant for thrombocytopenia which
was contributed to the patient’s liver failure. Due to the patient’s status he was deemed not a candidate
for liver transplant, and passed away shortly after family opted for transition to comfort care. An autopsy
was requested by the family due to the patient's rapid decline upon presentation and lack of definitive
etiology for his illness. An H&E slide of the right lung taken at time of autopsy is provided for review.

Final Diagnosis: Aggressive NK Cell Leukemia
Differential Diagnoses:

e Drug-Induced Acute Hepatic Failure
o Disseminated infection

o Acute viral hepatitis

o Pneumonia
¢ Nonspecific Interstitial Pneumonia
e Vasculitis

o Polyarteritis nodosa

o Granulomatosis polyangiitis

o Microscopic polyangiitis
e Hematopoietic Malignancy
Chronic lymphocytic leukemia
B-lymphoblastic leukemia
T-lymphoblastic leukemia
Intravascular large B-cell lymphoma
Mature T cell and NK cell neoplasms

O O O O O



Histopathology:

At the time of autopsy, hepatomegaly with a liver weight of 4,060 g (normal expected 1400-1910 g) was
observed consistent with the patient’s antemortem imaging. The liver had a smooth, mottled external
surface (A) and the cut surface showed prominent red-brown congestion (B). The only other significant
gross finding was diffuse congestion of the bilateral lungs, with no grossly observable lesions or
consolidations.

Upon histological examination, representative sections of the lungs showed alveolar hemorrhage, hyaline
membrane formation, and diffuse cellular interstitial infiltrates (C). The infiltrates demonstrate a
perivascular distribution, while also involving the alveolar walls. The cellular infiltrate consists of a
monomorphic population of mononuclear cells, consistent with a lymphoid population (D). Multiple
sections of the myocardium demonstrate a similar population of monotonous mononuclear cells
concentrated in the perivascular space with infiltration into the myocardial interstitium (E). Sections of the
liver demonstrate widespread necrosis and prominent congestion throughout, again with diffuse
mononuclear cell infiltrates consistent with those observed in the lungs and heart (F).
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A panel of immunohistochemical stains were performed on sections of lung to characterize this multi-
organ cellular infiltrate. CD3, CD8, and CD56 stains demonstrated diffuse positivity within our cells of
interest (G). CD20, CD4, CD34, and EBER were negative in the population of interest. Due to this
staining pattern in combination with the patient’s clinical presentation, this entity was diagnosed as
Aggressive NK Cell Leukemia.
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Discussion:

Aggressive NK Cell Leukemia (ANKL) is a rare leukemia of unknown etiology, although it has a strong
association with EBV, with EBV positivity reported in about 90% of cases. Though our EBV stain was
negative, it is possible this was a false negative due to a low quality postmortem specimen. Even in the
case of a true negative EBV result, there is still a small subset of ANKL cases which are EBV negative so
this does not preclude this diagnosis. This entity is most common in Asian populations, and typically
affects young to middle age patients with a median age of 40 years, fitting with our patient’'s demographic.



ANKL commonly involves the peripheral blood, bone marrow, liver, and spleen, and presentation includes
fever, constitutional symptoms, leukemic blood picture, and hepatosplenomegaly sometimes
accompanied by abnormal liver function tests and jaundice. The presentation can sometimes mimic
hepatitis, such as in our patient. Unfortunately this is a very aggressive neoplasm with a typically
fulminant clinical course resulting in multiorgan failure, and reported median survival is less than 7
months.

Morphology of ANKL typically demonstrates a monotonous population of leukemic cells within the
peripheral blood. At the organ sites it shows diffuse to patchy destructive infiltrates morphology ranging
from round and bland to irregularly folded pleomorphic nuclei with condense chromatin and small nucleoli.
Positive markers that can be useful in making this diagnosis include CD2, cytoplasmic CD3, CD16, CD56,
perforin A, granzyme B, and EBER (most cases). MYC, BCL2, and p53 also frequently show positivity.
CD3, CD4, CD5, CD57, and T cell receptors are typically negative. Flow cytometry is beneficial for
diagnosis, but unfortunately no specimen was available from this patient to perform flow cytometry
following the autopsy.

Treatment of this neoplasm includes allogenic hematopoietic stem cell transplant, which can improve
outcomes for patients but often only confers benefit for a limited period of time. There is currently no
consensus on chemotherapeutic regiments for ANKL, however regimens that include L-asparginase such
as SMILE (dexamethasone, methotrexate, ifosfamide, etoposide and L-asparaginase), AspaMetDex (L-
asparaginase, methotrexate and dexamethasone), and VIDL (etoposide, ifosfamide, dexamethasone and
L-asparaginase) have shown some benefit.

Take Home Points:

e Aggressive NK Cell Leukemia is a rare but aggressive entity, and though treatment options are
limited, they can extend patient survival time, making prompt diagnosis important.

e Given our patient’s rapid decline, it is impossible to say whether an antemortem diagnosis could
have improved his chance of survival, however performing flow cytometry on a peripheral blood
sample could have provided the information needed to make the diagnosis in a shorter timeframe
and therefore give the patient’s family the closure they desired sooner.

e Given the patient’s history of polysubstance abuse, the clinical team was very focused on
treatment of drug-induced liver toxicity. This case reminds us that one should not assume that all
problems must be drug-related in a patient with a history of drug use, and reminds us of the
importance of considering a broad differential rather than anchoring on any single diagnosis.
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Presenter: Leah Gruen, MD
Mentors: Phillip McMullen, MD PhD and Guliz Barkan, MD
Clinical History:

A 55-year-old male who is a current smoker with a 40-pack-year smoking history presented with an acute
onset of left-sided chest pain. He denied fevers, chills, shortness of breath, cough, night-sweats, weight
loss, or any other constitutional symptoms. A CT of the chest showed an 11 cm left anterolateral
mediastinal mass. The patient initially underwent an FNA and transbronchial biopsy of the mass, and later
a complete resection.

Final Diagnosis: Giant hamartoma

Differential diagnosis 1 (following FNA & biopsy):

o Papillary adenocarcinoma

e Sclerosing pneumocytoma

o Well-differentiated papillary mesothelial tumor

¢ Mesothelioma with papillary growth pattern

e Ciliated muconodular tumor/bronchiolar adenoma

Differential diagnosis 2 (following resection):

e Pulmonary blastoma

¢ Intrapulmonary teratoma
e Carcinosarcoma

¢ Pleomorphic adenoma

Key Features:

Histopathology: Histologic examination of the FNA biopsy (A), and resection (B and C) specimens taken
together show a well-circumscribed biphasic neoplasm comprised of relatively bland epithelial
components with glandular and papillomatous architecture and mesenchymal components including
cartilage, adipose tissue, smooth muscle, and a myxoid stroma. There is central calcification, and foci of
cystic degeneration and hemorrhage. The cytologic features of the epithelial component vary with some
areas showing monotonous columnar cells arranged in invaginating glandular structures, while other
areas show flattened-to-cuboidal cells with mild nuclear pleomorphism. There is no definitive evidence of
lymphovascular invasion. No prominent mitoses nor tumor necrosis are identified.



(A)

(B)

A large panel of immunohistochemical stains were performed and summarized in the chart below.
Notably, the epithelial component is positive for a KeratinAE1/AE3, Napsin A, and TTF-1, demonstrating
a pulmonary-derived epithelial component. P40 highlighted focal basal cells in the epithelial component.
Beta-catenin showed focal nuclear and cytoplasmic positivity with predominantly membranous staining of
the epithelial cells. Mesothelial markers WT1 and calretinin were negative. GFAP, SMA, and S100 did not
highlight a myoepithelial component. S100 showed variable staining most prominent in the cartilaginous
and lipomatous stromal components. Ki-67 was <1%.

IHC Epithelial component Stromal component

Keratin AE1/AE3 o =

CK5/6 + 5

TTF-1 . -



Napsin A 4+ -

EMA + -

p40 + focally -

WT1, Calretinin - -

GFAP - )
S100 - Variable, most prominent in
cartilaginous and lipomatous
differentiation
Beta-catenin Focal nuclear and cytoplasmic -
with predominantly
membranous staining
Ki-67 <1% <1%

Molecular: Molecular testing (MayoComplete Solid Tumor Panel) was performed at Mayo Clinic
Laboratories and no clinically relevant variants, fusions, or splice/transcript variants were identified with
adequate coverage of the assessed genes.

Discussion:

Pulmonary hamartomas are the most common benign lung neoplasms in adults, with the majority ranging
in size from 1.6-2.9 cm. Giant pulmonary hamartomas, considered those >8 cm, are exceedingly rare,
with less than 25 reported cases in the English literature (1). While typical pulmonary hamartomas usually
present asymptomatically as incidental findings, patients with giant hamartomas frequently present with
pulmonary-related symptoms (1). Histologically, pulmonary hamartomas are composed of varying
amounts of mesenchymal components including connective tissue, fat, cartilage, and smooth muscle,
with entrapped respiratory epithelium. Pulmonary hamartomas are generally considered benign entities.
However, there have been rare case reports of hamartomas with malignant transformation, almost
exclusively occurring in giant hamartomas. Reported cases have shown giant pulmonary hamartomas
with malignant transformation to liposarcoma (2), squamous cell carcinoma (3), chondrosarcoma (4), and
leiomyosarcoma (5). These cases highlight the importance of due diligence in ruling out malignant
components arising from giant hamartomas, and routine clinical follow-up for these patients.

Take home points:

e Giant pulmonary hamartomas are rare entities and while generally considered benign, do have
the potential for malignant transformation

e When the clinical features (11 cm lung mass in a smoker) and the potential diagnosis (benign
hamartoma) appear at odds, it's important to do a comprehensive work-up

o Well-sampled cytology with cell block can yield highly representativematerial that can drive the
diagnostic work-up in challenging cases

e The biopsy is not always representative of the entirety of a lesion
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