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Abstract: Background: Acute abdominal syndrome can be caused by several possible reasons. The
most common causes are perforation of a gastroduodenal ulcer, peritonitis, intestinal obstructions,
and perforation of an appendix or fallopian tube. Fever and pain can be caused by an appendicitis
or sigmoiditis. Appendiceal lymphoma is a rare disease that is usually found incidentally during
appendectomy. Most of the cases are non-Hodgkin’s lymphomas. Mantle cell lymphoma is an
aggressive B-cell non-Hodgkin’s lymphoma with a poorer prognosis than other B-cell lymphomas;
thus, a definitive diagnosis is essential. Case Summary: A 60-year-old man presented with right
lower quadrant pain. He denied any nausea, vomiting or anorexia and was afebrile. The physical
examination revealed right lower quadrant abdomen tenderness. The computed tomography scan
revealed periappendiceal fatty stranding with a swollen appendix, approximately 2 cm in diameter
and prominent paraaortic, portacaval and mesenteric lymph nodes. A diagnosis of acute appendicitis
was made, and laparoscopic appendectomy was performed immediately. The subsequent pathologi-
cal examination revealed severe congestion with lymphoid hyperplasia. The immunohistochemistry
stains revealed positive staining for cluster of differentiation (CD) CD20, B-cell lymphoma-2 (Bcl-2),
cyclin D1, SRY-box transcription factor-11 (SOX-11), immunoglobulin D (IgD) and immunoglobulin
M (IgM) but negative staining for CD3, CD5, CD10 and CD23. 18F-FDG positron emission tomogra-
phy showed peripheral lymph node involvement, while the bone marrow biopsy showed negative
findings. Therefore, a diagnosis of mantle cell lymphoma, Ann Arbor stage IVA, was made. The
patient received postoperative combination chemotherapy and remained in a stable condition over a
1-year follow-up period. Conclusion: We report an uncommon case that initially presented as acute
appendicitis, for which a final diagnosis of mantle cell lymphoma was made. In comparison with
other B-cell lymphomas, mantle cell lymphoma has a poorer prognosis, and positive immunochemi-
cal staining of cyclin D1 and SOX-11 is useful for differentiating mantle cell lymphoma from other
appendiceal lymphomas and treating patients appropriately. Physicians and nursing staff should be
also aware of the associated complications and management in these patients.
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1. Introduction

Acute abdominal syndrome can present with a variety of clinical conditions from
benign and self-limited disease to surgical emergencies. Evaluating abdominal pain needs
an approach based on likelihood of the disease, medical history, physical examination,
laboratory studies, and further imaging investigations. Location of the pain is a valuable
preliminary point and can provide a guide for further evaluation. For example, acute
right lower quadrant pain in the patients may strongly propose acute appendicitis. It is
also imperative to consider special populations such as women, who may present with
genitourinary diseases and the elderly, who are at risk of malignancies. Approximately
1% of the appendectomy specimens are found to be appendiceal neoplasms. Most of
these tumors are neuroendocrine tumors and epithelial tumors. Other tumors are rarely
encountered, including lymphoma, metastases, mesenchymal tumors, sarcoma and neu-
roectodermal and nerve sheath tumors [1]. The gastrointestinal tract is the most common
extranodal site involved in lymphomas, accounting for 5–20% of all cases [2]. The most
commonly involved site is the stomach, followed by the small bowel, terminal ileum and
cecum region [3].

Mantle cell lymphoma (MCL) is a rare and generally aggressive B-cell non-Hodgkin’s
lymphoma (NHL), accounting for 2–4% of all NHL cases [4,5]. MCL typically initially
present as lymphadenopathy, and up to one-third of patients have systemic B symptoms
and frequently have disease involvement in extranodal sites. Common sites of extranodal
involvement include the gastrointestinal tract, breast, pleura, and orbit [6]. Gastrointestinal
involvement most commonly occurs in the colon and stomach [7]. Compared with other
B-cell NHLs, MCL has earlier relapse and poorer long-term survival [8]. Staining for cyclin
D1 and SRY-box transcription factor-11 (SOX-11) with immunohistochemistry are useful
markers to reach a definitive diagnosis of MCL. MCL involving the appendix complicated
by acute appendicitis has rarely been described previously. Herein, we report a case of
mantle cell lymphoma that initially presented as acute appendicitis, emphasizing the need
to consider differential diagnoses with appropriate healthcare and management. In this
manuscript, a literature search was performed in PubMed and Scopus for all publications
from inception published before 31 October 2020. Studies reporting cases of MCL were
included. Basic science articles, editorials and correspondence were also reviewed.

2. Case Presentation

A 60-year-old man presented to our emergency department with right lower quadrant
abdominal pain for 1 day. He denied any nausea, vomiting or anorexia. He had a history
of hypertension, gouty arthritis, gall stones and renal stones. On initial assessment, the
patient was afebrile and had a high blood pressure (153/104 mmHg) and normal heartbeat
(75 bpm). The physical examination showed mild tenderness in the right lower quadrant of
the abdomen, but the abdomen was soft with no muscle guarding. The laboratory findings
revealed leukocytosis (white blood cell count, 18,270 cells/mm3); serum electrolytes and
renal and liver function tests were within normal limits (Table 1). The urinalysis and
Bence-Jones protein results were unremarkable. The abdomen computed tomography
scan showed periappendiceal fatty stranding with a swollen appendix (Figure 1) and
prominent paraaortic, portacaval and mesenteric lymph nodes. A diagnosis of acute
appendicitis was made, and laparoscopic appendectomy (Supplementary Figure S1) was
performed immediately.
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Table 1. Blood biochemistry data.

Parameters Results Normal Value

White blood cell count (/µL) 18,270 4800–10,800
Haemoglobin (g/dL) 15.2 12–16
Platelet count (/µL) 199,000 130,000–400,000

Mean corpuscular volume (fL) 86.7 81–99
BUN (mg/dL) 13.6 15–40

Creatinine (mg/dL) 0.99 0.9–1.8
Sodium (mEq/L) 140 133–145

Potassium (mEq/L) 4.11 3.8–5.0
Chloride (mEq/L) 97.4 96–106
Calcium (mg/dL) 9.1 8.5–10.5

Phosphate (mg/dL) 3.25 2.4–4.1
Uric acid (mg/dL) 7.2 1.9–7.5

GOT (IU/L) 24.8 11–47
GPT (IU/L) 30.3 7–53

Globulin (gm/dL) 2.48 1.4–3.5
Albumin (gm/dL) 3.28 3.5–5.5

A/G ratio 1.32 0.8–2.0
CRP (mg/dL) 0.198 <0.5

LDH (U/L) 386 120–240
BUN: blood urea nitrogen; GPT: glutamyl pyruvate transaminase; GOT: glutamyl oxaloacetic transaminase;
A/G: albumin/globulin; CRP: C-reactive protein; LDH: lactate dehydrogenase.
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Figure 1. Periappendiceal fatty stranding and enlarged appendix (arrow).

In the pathological assessment, the appendix was measured to be 9 cm in length
and 2 cm in maximal diameter, and the lumen was severely congested and filled with
fecalith. Microscopically, marked reactive atypical cell hyperplasia with mild polymor-
phism in the mantle zones, variety of cell types of naive pregerminal center cells, starry
sky-like appearance with obscure hyalinized vascular proliferation and epithelioid his-
tiocytes with lamina propria, submucosa, penetrating into muscularis layer, serosa and
mesenteric fibroadipose were found. These tumor cells were characterized by a rather
uniform and monotonous small to intermediate lymphocytic proliferation. These atypical
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cells demonstrated diffusely positive immunoreactivity for cluster of differentiation (CD)
CD20, and B-cell lymphoma-2 (Bcl-2). They also presented positive immunostaining for
cyclin D1 (over expression) of atypical lymphoid cells, and negative for pan Cytokeratin
antibody (pan-CK), epithelial membrane antigen (EMA), S-100, CD10, and CD23. All of the
above findings were consistent with malignant B-cell lymphoma, and the final diagnosis of
CD5-negative MCL was made based on the histology features (Supplementary Figure S2).
The sections showed severe congestion with lymphoid hyperplasia (Figure 2A), charac-
terized by small- to medium-sized monotonous atypical lymphoid cells (Figure 2B). The
specimens revealed mantle cell lymphoma, with immunohistochemistry stains positive for
CD20 (Figure 2C), Bcl-2, cyclin D1 (Figure 2D), SRY-box transcription factor-11 (SOX-11),
immunoglobulin D (IgD) and immunoglobulin M (IgM) but negative for CD3, CD5, CD10
and CD23. The Ki-67 proliferation index was approximately 20%. Further examinations
showed that 18F-FDG positron emission tomography showed peripheral lymph node
enlargement, while the bone marrow biopsy showed no malignant cells. According to the
Ann Arbor staging system, the final diagnosis was stage IVA mantle cell lymphoma. The
patient received an adjuvant combination chemotherapy regimen and remained in a stable
condition over a 1-year follow-up period.
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Figure 2. The hematoxylin and eosin (H&E) staining shows mantle cell lymphoma involving the
appendiceal lumen with cellular infiltration of whole layers (A), original magnification ×4, character-
ized by small- to medium-sized monotonous atypical lymphoid cells (B), original magnification ×40.
The neoplastic lymphoid cells showed diffuse positive immunohistochemical staining for CD20 (C),
original magnification ×40 and Cyclin D1 (D), original magnification ×40.

3. Discussion

MCL is rare and generally aggressive B-cell NHL that usually occurs in middle-aged
adults, has a male predominance and presents with advanced stage at diagnosis. It typi-
cally presents with generalized lymphadenopathy, and extranodal involvement is common,
including bone marrow, peripheral blood, spleen, and Waldeyer’s ring involvement and
invasion into the gastrointestinal tract, which may present as a distinctive symptom of
multiple lymphomatous polyposis of the intestine. Most appendiceal lymphomas are
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non-Hodgkin’s lymphoma, and the most common histologic type is large B-cell lym-
phoma, followed by Burkitt lymphoma [9]. Although gastrointestinal lymphoma is the
most common form of extranodal lymphoma, patients with mantle cell lymphoma of the
appendix are rare, and only a few cases can be found in the literature (Table 2) [10–15].
Compared with other B-cell lymphomas, MCLs have poorer long-term survival and ear-
lier relapse even with appropriate therapy. Thus, a definitive diagnosis is essential. The
gold standard diagnostic procedure for MCL is histopathological examination and im-
munohistochemistry analysis. Morphologically, MCL generally comprises monomorphic
small- to medium-sized lymphoid cells with irregular nuclear contours that infiltrate and
expand to the mantle zone. Molecularly, MCL is characterized by the t(11;14)(q13;q32)
translocation, which juxtaposes the cyclin D1 (CCND1) gene (also called B-cell lymphoma-1
(Bcl-1) gene) and the gene encoding the immunoglobulin heavy chain, leading to cyclin D1
overexpression [7–9,16,17].

Table 2. Cases of mantle cell lymphoma with appendix involvement.

Reports Age/Sex Underlying
Diseases

Surgical
Intervention

CD Markers of
Appendix Clinical Manifestation Survival

Time

Tan et al.
[10] 74/M Gastric mantle

cell lymphoma Appendectomy

CD3(+), CD5(+), CD20(+),
Cyclin D1(+)

CD10(−)
Ki-67:10–20%

Right lower abdomen pain 3.5 years

Rahimi
et al. [11] 65/F

Peritoneal
mantle cell
lymphoma

Gastrointestinal
Stromal Tumor

Right-sided
hemicolectomy

CD5(+), Pax-5(+),
CD20(+),

Cyclin D1(+), Bcl-2(+)
CD10(−), CD23(−)

Symptom-free period of
5 years and then had

recurrence.
Abdomen CT revealed

tumor over ileocecal
region.

>2 years

Linden
et al. [12] 71/M Mantle cell

lymphoma Appendectomy

CD3(+), CD5(+), CD20(+),
Cyclin D1(+)

Bcl-6(−),
Ki-67:60–80%

Right-sided abdominal
after starting 1st cycle of

chemotherapy.
Abdomen CT revealed

enlarged appendix with
perforation.

6 months

Gaopande
et al. [13] 50/F Acute calculous

cholecystitis
Cholecystectomy
Appendectomy

CD20(+), cyclin D1(+),
CD3(−), CD10(−)

Right upper abdomen pain
Abdomen CT revealed

tumor over right iliac fossa
3 years

Chae
et al. [14] 75/M Mantle cell

lymphoma
Laparoscopic

appendectomy

CD20(+), Pax-5(+),
CD43(+), Bcl-1(+),

Bcl-2(+),
CD3(−), CD5(−),

CD10(−), Bcl-6(−)

Left cervical
lymphadenopathy.

Right lower abdomen pain.
Unknown

Ambrosio
et al. [15] 38/F Nil Laparoscopic

appendectomy
CD3(+), CD5(+), CD20(+),
Cyclin D1(+), SOX-11(+)

Right lower abdominal
pain and low-grade fever. >10 months

M: male; F: female; CD: cluster of differentiation; Bcl: B-cell lymphoma; SOX-11: SRY-box transcription factor-11.

Cyclin D1-positive human cancers include mantle cell lymphomas, breast cancers,
head and neck carcinomas, oropharyngeal cancers, hepatocellular cancers, colorectal can-
cers, skin cancers and sarcomas [18]. Cyclin D1 and D3 play a role in the regulation of the
G1 to S phase transition of the cell cycle, acting via phosphorylation of the retinoblastoma
gene product [19,20]. The translocation can be identified by immunochemistry, fluores-
cence in situ hybridization or polymerase chain reaction. A few cases of cyclin D1-negative
MCL have been reported, and these cases typically lack evidence of chromosome translo-
cations or genomic amplifications but are positive for cyclin D2 or D3 [21]. For cyclin
D1-negative MCL, SOX-11 is a useful biomarker and helps distinguish indolent SOX-11-
negative MCL from classical MCL [22,23]. Many publications have indicated that a lack
of SOX-11 expression in MCL patients is a feature of a nonaggressive clinical course [24].
MCLs usually express pan-B-cell antigens (e.g., CD19 and CD20), CD5 and cyclin D1 but
are negative for CD10 and CD23; only 5% of MCL patients lack expression of CD5 and
cyclin D1 [5–9,17,25,26]. CD5 is a marker of T cells that is not typically expressed on B-cells.
A retrospective review concluded that CD5-negative MCL had a more favorable prognosis
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than CD5-positive MCL [26–28]. Biomarkers, including CD5, cyclin D1 and SOX-11, are
useful for the differential diagnosis of mantle cell lymphoma from other B-cell NHLs.
Atypical chronic lymphocytic leukemia (CLL) and small lymphocytic lymphoma (SLL)
may also demonstrate positive for cyclin D1 but do not have CCND1 translocations and
usually lack SOX-11 expression [29]. Rare cases of diffuse large B-cell lymphomas could
be positive for cyclin D1, but they frequently lack CCND1 gene translocation and lack
immunoreactivity for SOX-11 [30]. Hairy cell leukemia (HCL) may show positive for cyclin
D1 and initially be misdiagnosed as MCL. The absence of the CCND1 gene fusion and
the strong expression of CD11C, CD25 and CD103 could be found in HCL [31]. MCL and
multiple myeloma/plasmacytoma with 11q13 abnormalities typically express Cyclin D1
transcript variants with the longer 5′-untranslated regions (5′ UTRs) [32].

Patients with gastrointestinal involvement by MCL can be identified by esophagogas-
troduodenoscopy and colonoscopy, with the majority of involvement being seen in the
stomach (74.3%) or colon (57.1%) [33–36]. The endoscopic features varied morphologically;
superficial types, protruded types, fold-thickening types, and ulcerative types were mostly
found in the stomach, and MLP was dominant from the duodenum to the rectum [36].
Tissue biopsy by endoscopic ultrasonography can help to find submucosal lesions and
may improve the diagnosis rate [37]. The prognosis of mantle cell lymphoma can be
estimated by the Mantle Cell Lymphoma International Prognostic Index (MIPI) and Ki-67
proliferation index (PI). The Ki-67 proliferation index is a strong independent prognostic
factor with a 20% cut-off value regardless of bone marrow involvement and a 30% cut-
off value with bone marrow involvement [38,39]. To date, there are no prospective data
guiding observation in patients based on SOX-11 or tumor protein p53 (TP53) expression.
However, these are additional variables that can be considered clinically to predict disease
course and prognosis. A recent cohort study recommended that over 50% TP53 expression
had a poorer prognosis, while SOX-11 expression was not a reliable prognostic marker.
The reason may be owing to an under-representation of patients with non-nodal disease.
Another explanation could also be considered due to a difference in methods to determine
SOX-11 positivity, gene expression profiling and improved clinical outcomes with low
SOX-11 expression [40]. The main treatment modalities are combination chemotherapy
plus immunotherapy. The treatment strategies for MCL may be variable and dependent on
the symptoms and patient fitness. Despite recent advances, MCL remains incurable and pa-
tients with high-risk disease have particularly poor outcomes. R-CHOP regimen (rituximab
with cyclophosphamide, doxorubicin, vincristine and prednisone) is the main first line
chemotherapy. New insights into the pathogenesis of MCL and future therapies including
biological therapy, targeted therapy, radiation therapy and stem cell transplantations have
been reported [8]. Surgical intervention is rarely needed except for when symptoms are
complicated with bowel obstruction, uncontrollable bleeding or acute appendicitis [41].
Hypercalcemia is also considered as a biomarker for the aggressiveness of lymphoma or
leukemia associated diseases [42]. In summary, the developments in MCL have begun to
have improvements in life quality and overall prognosis. Further clinical study results
will provide more evidence of durable remissions and acceptable long-term side effect
profiles. The continued improvement in targeted molecular signaling inhibitors based
on the biology of MCL is also a therapeutic approach for this disease, which may have
improvements in quality of life and survival prognosis among these patients.

Appendiceal neoplasms are uncommon tumors of the gastrointestinal tract that may
present with symptoms similar to appendicitis and are diagnosed by appendectomy speci-
mens. The pathogenesis is due to the enlarged lymphoma in the lumen of the appendix
or extrinsic compression on the appendix by lymphomatous polyposis [9,10]. If the en-
larged appendix measures larger than 15 mm in diameter, an appendiceal tumor should be
considered because the inflamed appendix rarely exceeds 15 mm [25]. In addition, if the
enlarged appendix measures 30 mm in diameter or larger, appendiceal lymphoma should
be taken into consideration [9,25]. Although the abdomen CT image appearance may not
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be pathognomonic, a markedly enlarged appendix and regional lymphadenopathy may
be observed.

4. Conclusions

We report a teaching case of malignancies initially presenting as appendicitis. Our
report highlights that the differential diagnoses of acute appendicitis include appendiceal
tumors such as extranodal lymphomas. Biomarkers, including cyclin D1 and SOX-11, are
highly specific and sensitive for MCL. Physicians and nursing staff should be also aware of
the possibility of an appendiceal tumor mimicking appendicitis and provide appropriate
healthcare and management in these patients.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/healthcare9081000/s1, Figure S1. Enlarged appendix (arrow) and cecum (arrow head) were
found during the procedure of laparoscopic appendectomy. Figure S2. Under high-power photogra-
phy of microscopy, tumor cells were characterized by small to medium-sized monotonous atypical
lymphoid cells with irregular nuclear contours, condensed chromatin, and inconspicuous nucleoli.

Author Contributions: Conceptualization, P.-J.H. and J.-L.C.; data curation, P.-J.H. and J.-L.C.;
writing—original draft preparation, F.-C.L. and P.-J.H.; writing—review and editing, P.-J.H. and
F.-C.L.; supervision, P.-J.H., J.-L.C., H.-M.C. and W.-C.T.; project administration, P.-J.H.; funding
acquisition, P.-J.H. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by a grant from AFTYGH-D-110-032, Taoyuan Armed Forces
General Hospital, Taoyuan, Taiwan.

Institutional Review Board Statement: This study was approved by the Institutional Review Board
of the Tri-Service General Hospital (TSGH), National Defense Medical Center. The approval number
is TSGHIRB: A202105020.

Informed Consent Statement: Inform consent was obtained from the patient.

Data Availability Statement: The data underlying this article will be shared upon reasonable request
to the corresponding author.

Acknowledgments: The authors would like to thank the staff and researchers at the Taoyuan Armed
Forces General Hospital, and Medical Affairs Bureau, Ministry of National Defense, Taiwan; in
particular, Jiann-Torng Chen, Chien-Sung Tsai, Jhih-Ying Lin and Jenq-Shyong Chan who responded
fast and commanded properly during the nosocomial infection of COVID-19 in June 2021. We also
thank the patient’s family for consenting to publish the clinical information.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Leonards, L.M.; Pahwa, A.; Patel, M.K.; Petersen, J.; Nguyen, M.J.; Jude, C.M. Neoplasms of the appendix: Pictorial review with

clinical and pathologic correlation. Radiographics 2017, 37, 1059–1083. [CrossRef]
2. Freeman, C.; Berg, J.W.; Cutler, S.J. Occurrence and prognosis of extranodal lymphomas. Cancer 1972, 29, 252–260. [CrossRef]
3. Herrmann, R.; Panahon, A.M.; Barcos, M.P.; Walsh, D.; Stutzman, L. Gastrointestinal involvement in non-Hodgkin’s lymphoma.

Cancer 1980, 46, 215–222. [CrossRef]
4. Swerdlow, S.H.; Campo, E.; Harris, N.L.; Jaffe, E.S.; Pileri, S.A.; Stein, H.; Thiele, J. WHO Classification of Tumours of Haematopoietic

and Lymphoid Tissues; International Agency for Research on Cancer (IARC): Lyon, France, 2008.
5. Chihara, D.; Nastoupil, L.J.; Williams, J.N.; Lee, P.; Koff, J.L.; Flowers, C.R. New insights into the epidemiology of non-Hodgkin

lymphoma and implications for therapy. Expert Rev. Anticancer Ther. 2015, 15, 531–544. [CrossRef]
6. Argatoff, L.H.; Connors, J.M.; Klasa, R.J.; Horsman, D.E.; Gascoyne, R.D. Mantle cell lymphoma: A clinicopathologic study of 80

cases. Blood 1997, 89, 2067–2078. [CrossRef] [PubMed]
7. Lamm, W.; Dolak, W.; Kiesewetter, B.; Simonitsch-Klupp, I.; Puhr, H.; Raderer, M. Gastrointestinal involvement in patients with

mantle cell lymphoma: A single center experience of eighty-five patients. Dig. Dis. 2019, 37, 194–200. [CrossRef] [PubMed]
8. Schieber, M.; Gordon, L.I.; Karmali, R. Current overview and treatment of mantle cell lymphoma. F1000Research 2018, 7.

[CrossRef] [PubMed]
9. Ayub, A.; Santana-Rodríguez, N.; Raad, W.; Bhora, F.Y. Primary appendiceal lymphoma: Clinical characteristics and outcomes of

116 patients. J. Surg. Res. 2017, 207, 174–180. [CrossRef]

https://www.mdpi.com/article/10.3390/healthcare9081000/s1
https://www.mdpi.com/article/10.3390/healthcare9081000/s1
http://doi.org/10.1148/rg.2017160150
http://doi.org/10.1002/1097-0142(197201)29:1&lt;252::AID-CNCR2820290138&gt;3.0.CO;2-
http://doi.org/10.1002/1097-0142(19800701)46:1&lt;215::AID-CNCR2820460136&gt;3.0.CO;2-6
http://doi.org/10.1586/14737140.2015.1023712
http://doi.org/10.1182/blood.V89.6.2067
http://www.ncbi.nlm.nih.gov/pubmed/9058729
http://doi.org/10.1159/000496508
http://www.ncbi.nlm.nih.gov/pubmed/30677768
http://doi.org/10.12688/f1000research.14122.1
http://www.ncbi.nlm.nih.gov/pubmed/30109020
http://doi.org/10.1016/j.jss.2016.08.079


Healthcare 2021, 9, 1000 8 of 9

10. Tan, K.B.; Tan, L.H.; Soo, R.; Putti, T.C.; Chong, S.M. Involvement of the appendix and palate by pleomorphic variant mantle cell
lymphoma. Leuk. Lymphoma 2006, 47, 1704–1707. [CrossRef] [PubMed]

11. Rahimi, K.; Gologan, A.; Haliotis, T.; Lamoureux, E.; Chetty, R. Gastrointestinal stromal tumor with autonomic nerve differentia-
tion and coexistent mantle cell lymphoma involving the appendix. Int. J. Clin. Exp. Pathol. 2008, 2, 608–613. [PubMed]

12. Linden, M.; Gopal, A.; Edlefsen, K. Acute appendicitis in a man undergoing therapy for mantle cell lymphoma. Case Rep. Hematol.
2012, 2012, 868151. [CrossRef]

13. Gaopande, V.L.; Deshmukh, S.D.; Shinde, V.C. Primary mantle cell lymphoma of appendix. Gulf J. Oncolog. 2015, 1, 25–27.
14. Chae, M.; Kumar, S.; Cheema, M. Mantle cell lymphoma presenting as acute appendicitis. Int. J. Surg. Case Rep. 2015, 6c, 33–35.

[CrossRef]
15. Ambrosio, M.R.; Granai, M.; Lo Bello, G.; Cirami, M.; Mundo, L.; Leoncini, L.; Lazzi, S. How in-depth histological look may allow

challenging diagnosis: The case of a primary in situ mantle cell neoplasm of the appendix. Hematol. Oncol. 2018, 36, 376–378.
[CrossRef]

16. Taha-Mehlitz, S.; Bockmeyer, J.; Memeti, E.; Nowack, M.; Metzger, J.; Gass, J.M. Mantle cell lymphoma-rare differential diagnosis
of a tumor in the vermiform appendix. J. Surg. Case Rep. 2019, 2019, rjy367. [CrossRef]

17. Aguilera, N.S.; Bijwaard, K.E.; Duncan, B.; Krafft, A.E.; Chu, W.S.; Abbondanzo, S.L.; Lichy, J.H.; Taubenberger, J.K. Differential
expression of cyclin D1 in mantle cell lymphoma and other non-Hodgkin’s lymphomas. Am. J. Pathol. 1998, 153, 1969–1976.
[CrossRef]

18. John, R.R.; Malathi, N.; Ravindran, C.; Anandan, S. Mini review: Multifaceted role played by cyclin D1 in tumor behavior. Indian
J. Dent. Res. 2017, 28, 187–192. [CrossRef] [PubMed]

19. Wong, S.C.; Chan, J.K.; Lee, K.C.; Hsiao, W.L. Differential expression of p16/p21/p27 and cyclin D1/D3, and their relationships
to cell proliferation, apoptosis, and tumour progression in invasive ductal carcinoma of the breast. J. Pathol. 2001, 194, 35–42.
[CrossRef]

20. Feakins, R.M.; Nickols, C.D.; Bidd, H.; Walton, S.J. Abnormal expression of pRb, p16, and cyclin D1 in gastric adenocarcinoma and
its lymph node metastases: Relationship with pathological features and survival. Hum. Pathol. 2003, 34, 1276–1282. [CrossRef]

21. Inamdar, A.A.; Goy, A.; Ayoub, N.M.; Attia, C.; Oton, L.; Taruvai, V.; Costales, M.; Lin, Y.T.; Pecora, A.; Suh, K.S. Mantle cell
lymphoma in the era of precision medicine-diagnosis, biomarkers and therapeutic agents. Oncotarget 2016, 7, 48692–48731.
[CrossRef]

22. Mozos, A.; Royo, C.; Hartmann, E.; De Jong, D.; Baró, C.; Valera, A.; Fu, K.; Weisenburger, D.D.; Delabie, J.; Chuang, S.S.; et al.
SOX11 expression is highly specific for mantle cell lymphoma and identifies the cyclin D1-negative subtype. Haematologica 2009,
94, 1555–1562. [CrossRef] [PubMed]

23. Narurkar, R.; Alkayem, M.; Liu, D. SOX11 is a biomarker for cyclin D1-negative mantle cell lymphoma. Biomark. Res. 2016, 4, 6.
[CrossRef]

24. Lu, T.X.; Li, J.Y.; Xu, W. The role of SOX11 in mantle cell lymphoma. Leuk. Res. 2013, 37, 1412–1419. [CrossRef]
25. Pickhardt, P.J.; Levy, A.D.; Rohrmann, C.A.; Abbondanzo, S.L.; Kende, A.I. Non-Hodgkin’s lymphoma of the appendix: Clinical

and CT findings with pathologic correlation. AJR Am. J. Roentgenol. 2002, 178, 1123–1127. [CrossRef]
26. Miao, Y.; Lin, P.; Saksena, A.; Xu, J.; Wang, M.; Romaguera, J.; Yin, C.C.; Medeiros, L.J.; Li, S. CD5-negative mantle cell lymphoma:

Clinicopathologic correlations and outcome in 58 patients. Am. J. Surg. Pathol. 2019, 43, 1052–1060. [CrossRef]
27. Kella, V.K.; Constantine, R.; Parikh, N.S.; Reed, M.; Cosgrove, J.M.; Abo, S.M.; King, S. Mantle cell lymphoma of the gastrointestinal

tract presenting with multiple intussusceptions–case report and review of literature. World J. Surg. Oncol. 2009, 7, 60. [CrossRef]
28. Rao, I.S. Role of immunohistochemistry in lymphoma. Indian J. Med. Paediatr. Oncol. 2010, 31, 145–147. [CrossRef] [PubMed]
29. Gradowski, J.F.; Sargent, R.L.; Craig, F.E.; Cieply, K.; Fuhrer, K.; Sherer, C.; Swerdlow, S.H. Chronic lymphocytic leukemia/small

lymphocytic lymphoma with cyclin D1 positive proliferation centers do not have CCND1 translocations or gains and lack SOX11
expression. Am. J. Clin. Pathol. 2012, 138, 132–139. [CrossRef]

30. Hsiao, S.C.; Cortada, I.R.; Colomo, L.; Ye, H.; Liu, H.; Kuo, S.Y.; Lin, S.H.; Kuo, T.U.; Chuang, S.S. SOX11 is useful in differentiating
cyclin D1-positive diffuse large B-cell lymphoma from mantle cell lymphoma. Histopathology 2012, 61, 685–693. [CrossRef]

31. Zhou, L.; Xu, H.; Zhou, J.; Ouyang, B.; Wang, C. A rare case of hairy cell leukemia with co-expression of CD5 and cyclin D1: A
diagnostic pitfall. Mol. Clin. Oncol. 2020, 13, 74. [CrossRef]

32. Chinen, Y.; Tsukamoto, T.; Maegawa-Matsui, S.; Matsumura-Kimoto, Y.; Takimoto-Shimomura, T.; Tanba, K.; Mizuno, Y.;
Fujibayashi, Y.; Kuwahara-Ota, S.; Shimura, Y.; et al. Tumor-specific transcript variants of cyclin D1 in mantle cell lymphoma and
multiple myeloma with chromosome 11q13 abnormalities. Exp. Hematol. 2020, 84, 45–53.e1. [CrossRef]

33. Fujiwara, S.I.; Tatara, R.; Okazuka, K.; Oh, I.; Ohmine, K.; Suzuki, T.; Mori, M.; Nagai, T.; Ozawa, K.; Muroi, K. Profiles of de novo
CD25-positive mature B-cell lymphomas. Blood 2013, 122, 4308. [CrossRef]

34. Sandes, A.F.; de Lourdes Chauffaille, M.; Oliveira, C.R.; Maekawa, Y.; Tamashiro, N.; Takao, T.T.; Ritter, E.C.; Rizzatti, E.G. CD200
has an important role in the differential diagnosis of mature B-cell neoplasms by multiparameter flow cytometry. Cytom. B Clin.
Cytom. 2014, 86, 98–105. [CrossRef]

35. Mason, E.F.; Pozdnyakova, O.; Li, B.; Dudley, G.; Dorfman, D.M. Flow cytometric patterns of CD200 and CD1d expression
distinguish CD10-negative, CD5-negative mature B-cell lymphoproliferative disorders. Am. J. Clin. Pathol. 2017, 148, 33–41.
[CrossRef] [PubMed]

http://doi.org/10.1080/09540120600658540
http://www.ncbi.nlm.nih.gov/pubmed/16966294
http://www.ncbi.nlm.nih.gov/pubmed/19636397
http://doi.org/10.1155/2012/868151
http://doi.org/10.1016/j.ijscr.2014.10.068
http://doi.org/10.1002/hon.2418
http://doi.org/10.1093/jscr/rjy367
http://doi.org/10.1016/S0002-9440(10)65710-0
http://doi.org/10.4103/ijdr.IJDR_697_16
http://www.ncbi.nlm.nih.gov/pubmed/28611330
http://doi.org/10.1002/path.838
http://doi.org/10.1016/j.humpath.2003.07.005
http://doi.org/10.18632/oncotarget.8961
http://doi.org/10.3324/haematol.2009.010264
http://www.ncbi.nlm.nih.gov/pubmed/19880778
http://doi.org/10.1186/s40364-016-0060-9
http://doi.org/10.1016/j.leukres.2013.07.039
http://doi.org/10.2214/ajr.178.5.1781123
http://doi.org/10.1097/PAS.0000000000001278
http://doi.org/10.1186/1477-7819-7-60
http://doi.org/10.4103/0971-5851.76201
http://www.ncbi.nlm.nih.gov/pubmed/21584221
http://doi.org/10.1309/AJCPIVKZRMPF93ET
http://doi.org/10.1111/j.1365-2559.2012.04260.x
http://doi.org/10.3892/mco.2020.2142
http://doi.org/10.1016/j.exphem.2020.02.004
http://doi.org/10.1182/blood.V122.21.4308.4308
http://doi.org/10.1002/cytob.21128
http://doi.org/10.1093/ajcp/aqx041
http://www.ncbi.nlm.nih.gov/pubmed/28575142


Healthcare 2021, 9, 1000 9 of 9

36. Iwamuro, M.; Okada, H.; Kawahara, Y.; Shinagawa, K.; Morito, T.; Yoshino, T.; Yamamoto, K. Endoscopic features and prognoses
of mantle cell lymphoma with gastrointestinal involvement. World J. Gastroenterol. 2010, 16, 4661–4669. [CrossRef] [PubMed]

37. Zheng, Q.F.; Li, J.Y.; Qin, L.; Wei, H.M.; Cai, L.Y.; Nong, B. Gastrointestinal involvement by mantle cell lymphoma identified by
biopsy performed during endoscopy: A case report. Medicine (Baltimore) 2018, 97, e9799. [CrossRef]

38. Hoster, E.; Rosenwald, A.; Berger, F.; Bernd, H.W.; Hartmann, S.; Loddenkemper, C.; Barth, T.F.; Brousse, N.; Pileri, S.;
Rymkiewicz, G.; et al. Prognostic value of Ki-67 index, cytology, and growth pattern in mantle-cell lymphoma: Results from
randomized trials of the European mantle cell lymphoma network. J. Clin. Oncol. 2016, 34, 1386–1394. [CrossRef]

39. Jeong, T.D.; Chi, H.S.; Kim, M.S.; Jang, S.; Park, C.J.; Huh, J.R. Prognostic relevance of the Ki-67 proliferation index in patients
with mantle cell lymphoma. Blood Res. 2016, 51, 127–132. [CrossRef]

40. Aukema, S.M.; Hoster, E.; Rosenwald, A.; Canoni, D.; Delfau-Larue, M.H.; Rymkiewicz, G.; Thorns, C.; Hartmann, S.; Kluin-
Nelemans, H.; Hermine, O.; et al. Expression of TP53 is associated with the outcome of MCL independent of MIPI and Ki-67 in
trials of the European MCL Network. Blood 2018, 131, 417–420. [CrossRef]

41. Ahmed, R.; Kumar, K.; Makker, J.; Niazi, M.; Balar, B. Recurrent mantle cell lymphoma presenting as gastrointestinal bleeding.
Case Rep. Gastroenterol. 2018, 12, 379–384. [CrossRef]

42. Chen, W.-P.; Chiang, W.-F.; Chen, H.-M.; Chan, J.-S.; Hsiao, P.-J. Preventive Healthcare and Management for Acute Lymphoblastic
Leukaemia in Adults: Case Report and Literature Review. Healthcare 2021, 9, 531. [CrossRef]

http://doi.org/10.3748/wjg.v16.i37.4661
http://www.ncbi.nlm.nih.gov/pubmed/20872966
http://doi.org/10.1097/MD.0000000000009799
http://doi.org/10.1200/JCO.2015.63.8387
http://doi.org/10.5045/br.2016.51.2.127
http://doi.org/10.1182/blood-2017-07-797019
http://doi.org/10.1159/000488193
http://doi.org/10.3390/healthcare9050531

	Introduction 
	Case Presentation 
	Discussion 
	Conclusions 
	References

