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Abstract 
Introduction: The category of Small Round Blue Cell Tumors includes neoplasms that are undifferentiated and contain 
similar-looking growth of small round blue cells having bigger nuclear size as compared to the cytoplasm (high N/C). It 
includes Non-Hodgkins Lymphoma, Synovial Sarcoma, Ewings Sarcoma/ Primitive Neuroectodermal Tumor, 
Rhabdomyosarcoma, Hepatoblastoma, Retinoblastoma, Neuroblastoma, Neuroendocrine carcinoma, Nasopharyngeal 
Carcinoma, Desmoplastic Small Round Cell Tumor, Dysgerminoma, and Wilm's tumor. Immunohistochemistry can be very 
helpful in the accurate diagnosis of this diverse group of tumors. 
Objective: The objective of the study is to sub-categorize pediatric malignant small round blue cell tumors using 
immunohistochemistry.  
Study design: Descriptive cross-sectional study 
Setting: Meezan private lab, Faisalabad, Pakistan 
Duration of study: 4 years, from January 2017 to December 2020. 
Sample size: 46 cases.  
Sampling technique: Non-probability purposive sampling 
Materials and Methods: 46 cases, which fulfilled the inclusion and exclusion criteria were selected for the study. All these 
cases were subjected to immunohistochemistry. The IHC technique used was based on the Peroxidase anti-peroxidase (PAP) 
method. Based on site and morphological clues, initially Leukocyte common antigen (LCA), Myogenin, Cytokeratin (CK), 
Desmin, Chromogranin, Neuron Specific Enolase (NSE), S-100, Smooth Muscle Actin (SMA), and CD99 were used. Further 
immune stains panels were used afterward, as and when needed like CD20, CD3, CD30, BCL2, CD117, Ki-67, Tdt, 
Synaptophysin, SMA, CD56, Melan A, HMB45, and WT1. 
Results: Among all the malignant Small Round Cell Tumors, Rhabdomyosarcoma was the highest in frequency i.e. 8 (17.4%), 
followed by Ewing’s sarcoma/PNET 7(15.2%). Both Diffuse Large B cell lymphoma and Neuroblastoma were 5 each in 
number (10.9%). Non-Hodgkins lymphoma as a whole was 13 (28.2%), including 5 cases (10.9%) of diffuse large B cell 
lymphoma, 4 cases (8.7%) of T lymphoblastic lymphoma, 3 cases (6.5%) of Burkitt’s lymphoma, and only 1 case (2.2%) of 
NK/T cell lymphoma.  
Conclusion: Immunohistochemistry is an essential tool for accurate sub-categorization of pediatric small round blue cell 
tumors.  
Keywords: Malignant small round blue cell tumor, MSRBCT, pediatric Round Blue cell tumor, Immuno-histochemistry. 
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Introduction 
 

Round Blue Cell Tumor (RBCT) is a diagnosis that can 
be a lifesaver for the working pathologist since it gives 
a clue to the malignant nature of the neoplasm, but 
practically speaking, it becomes a dilemma for the 
treating physician. Most of the time, it leads to a series 
of investigations and consultations, which not only 
increases the burden on medical resources but also 
delays the proper management of the patients.1   
On routine hematoxylin and eosin (H & E) staining, 
many tumors can look alike in their morphology. So 
much so, that even with expert eyes, it becomes nearly 
impossible to give a definite diagnosis in all cases. One 
such scenario is small round blue cell tumors. These 
are neoplasms that are highly undifferentiated and 
contain similar-looking growth of small round cells. 
Individual cells depict increased basophilic staining 
and a high N/C ratio.2 They are further characterized 
by sheets of primitive-looking cells lacking a clue of 
the cell of origin at routine H & E.3  Following tumors 
are included in the differential diagnosis (d/d) of 
malignant small round blue cell tumors (MSRBCT). 
Non-Hodgkin lymphoma, Retinoblastoma, 
Lymphoblastic Lymphoma, Hepatoblastoma, Ewing 
Sarcoma/Primitive Neuroectodermal Tumor, 
Neuroblastoma, Synovial Sarcoma, Wilm's tumor, 
Neuroendocrine carcinoma, Osteosarcoma, 
Desmoplastic Small Round Cell Tumor, 
Nasopharyngeal Carcinoma, Dysgerminoma, 
Mesenchymal Chondrosarcoma, Dendritic cell Tumor, 
Malignant Melanoma (Small Cell variant) and 
Rhabdomyosarcoma.2,4,5 This list can be more gigantic 
if we consider site-related blue cell tumors.6–8 These 
tumors are more usually diagnosed in the pediatric 
age group, nevertheless, they are seen in adults also.9,10  
Accurate sub-categorization and the final diagnosis are 
highly important because the treatment of each tumor 
can be unique. For example, chemotherapy is the 
mainstay of treatment in sarcomas and lymphoma. 
Anti-CD20 therapy is the mainstay option in CD20-
positive lymphoma. Melanomas are treated by surgery 
and interferon therapy. Chemotherapy is the treatment 
of choice in Extra-gonadal germ cell tumors and 
neuroendocrine tumors. Moreover, Desmoplastic 
Small Round Cell Tumors are treated with a totally 
different approach.4,11–13 Therefore, many diagnostic 
modalities are in practice for precise diagnosis of this 
entity, including Immunohistochemistry (IHC)10, 
electron microscopy, FISH (Fluorescence in situ 
hybridization)3, cytogenetic studies and molecular 
techniques14 like reverse transcriptase polymerase 

chain reaction.5,15 Cytogenetic techniques are best for 
confirmatory diagnosis but they are too costly for poor 
folks.16 So immunohistochemistry remains the 
mainstay in these setups.  
Pakistan is also a resource-poor country, where access 
to sophisticated diagnostic modalities is limited to a 
few setups, which are inaccessible to the common 
public. Faisalabad is the third largest city in Pakistan, 
but it sophisticated laboratory setups, and most of the 
malignant challenging cases are sent to referral labs 
located in Lahore or Karachi. Our rationale is to use 
immunohistochemistry at the local level to sub-
categorize this diverse group as a minimum 
requirement and thereby facilitate prompt 
management and treatment. 
Objective: 
The objective of the study is to sub-categorize pediatric 
Small Round Blue Cell Tumors using 
immunohistochemistry.  
 

Materials and Methods 
 
Study design: Descriptive cross-sectional study. 
Setting: Meezan private lab, Faisalabad, Pakistan. 
Duration of study: 4 years, from January 2017 to 
December 2020. 
Sample size: 46 cases of Pediatric Malignant Small 
Round Blue Cell Tumor. 
Sampling technique: Non-probability purposive 
sampling 
Inclusion criteria: 

 All cases up to age 15, are diagnosed as 
Malignant Small Round Blue Cell Tumor on 
routine hematoxylin and eosin staining. 

Exclusion criteria: 

 Autolyzed tissue 

 Immuno-histochemistry could not be done, 
because of technical or logistics issues. 

Data collection procedure 
After ethical approval, 46 cases, which fulfilled the 
inclusion and exclusion criteria were selected for the 
study. All these cases were subjected to 
immunohistochemistry. The IHC technique used was 
based on the Peroxidase anti-peroxidase (PAP) 
method. The protocol used is as follows: 

1. Cut tissue sections 2.0 – 4.0 microns thick and 
spread wrinkle-free on the slide.   

2. Put the slides on a Hot plate 60°-65° for 45 to 
50 min. 

3. For deparaffinisation, gave 3-changes of 
Xylene 5 min each.  
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4. Rehydrated the tissue with graded 
isopropanol (100%, 80%, 70%, 50%) 5 min 
each.  

5. Put distilled water for 3 to 5 min two changes. 
6. Then put in antigen retrieval solution (target 

retrieval solution) in Kortil Coplin Jar: 
Dilution 1:50. pH was 9.0 for CD5, CD10, CD3, 
CD30, CD99 and 2.5 pH for Myogenin, Ki-67, 
WT1. All remaining had pH 6.  

7. Put in the water bath at 99.5° for 45 mins - 1 
hour.  

8. Took out from water bath and put at room 
temperature. 

9. Then washed in wash buffer solution for 10 
min, two changes.  Dilution 1:20 (pH 7.6) 

10. Poured peroxidase blocking reagent on slide 
covering the tissue area and put in Humidity 
chamber for 10 min. 

11. Washed again in wash buffer for 10 min, two 
changes. 

12. Poured 50 ul of primary antibody on tissue 
area and put in Humidity chamber for 45 min 
to 1 hour (as per literature). 

13. Again washed in wash buffer for 10 min, two 
changes. 

14. Poured 50 ul of the secondary antibody (HRP) 
on the tissue area and put in a Humidity 
chamber for 45 min to 1 hour. 

15. Washed again in wash buffer for 10 min, two 
changes. 

16. Added Dabe chromogin 50 ul on tissue area 
for 3-5 min (Dabe chromogin 50 ul and 
substrate 1 ml). 

17. Washed in distilled water for 3 to 5 min. 
18. Counter-stained with hematoxylin by 3-5 dips.  
19. Washed in Tap water for 3 to 5 min.  
20. Put the slides rack in Proponol for 3 cycles of 5 

min, 3 min, and 5 min respectively.  
21. Air dried and given 3 cycles of Xylene 5 min, 3 

min, and 5 min respectively.  
22. Mounting with DPX (DisrteneDibutyl-Pthalate 

Xylene) and then observed the slide.  
Based on site and morphological clues, initially 
Leukocyte common antigen (LCA), Myogenin, 
Cytokeratin (CK), Desmin, chromogranin, Neuron-
specific enolase (NSE), S-100, Smooth muscle actine 
(SMA) and CD99 were used. Further immune stains 
panels were used afterward, as and when needed like 
CD20, CD3, CD30, BCL2, CD117, Ki-67, Tdt, 
synaptophysin, SMA, CD56, Melan A, HMB45, and 
WT1. The results were analyzed independently by 2 

histopathologists. Staining intensity was graded as 
negative, or weak, moderate to strong positive. The 
extent of positive IHC reaction was scored as focal (< 
10%), patchy (10-50%), or diffuse (>50%)17, and the 
final diagnosis was rendered.  
Data analysis: 
All the collected information was entered and 
analyzed using SPSS version 24. The qualitative 
variables like gender, site, and diagnosis were 
presented by calculating frequency and percentage. 
 

Results 
 
Out of 46 cases of MSRBCT, Rhabdomyosarcoma was 
the highest in frequency i.e. 8 (17.4%), followed by 
Ewing’s sarcoma/PNET 7 (15.2%). Both Diffuse large 
B cell lymphoma and Neuroblastoma were 5 each in 
number (10.9%). Non-Hodgkins lymphoma as a 
whole, was 13 (28.2%), including 5 cases (10.9%) of 
diffuse large B cell lymphoma, 4 cases (8.7%) of T 
lymphoblastic lymphoma, 3 cases (6.5%) of Burkitt’s 
lymphoma, and only 1 case (2.2%) of NK/T cell 
lymphoma. (Table 1)   
 
Table 1: Frequency of subcategories of Malignant 
Small Round Blue Cell Tumors 

Tumors Frequency Percent 

Diffuse Large B Cell 
Lymphoma 

5 10.9 

T Lymphoblatic lymphoma 4 8.7 
Burkitt's lymphoma 3 6.5 
Nk/T cell lymphoma 1 2.2 
Nasopharyngeal carcinoma 1 2.2 
Ewing's sarcoma/PNET 7 15.2 
Rhabdomyosarcoma 8 17.4 
Synovial sarcoma 4 8.7 
Malignant Melanoma 1 2.2 
Neuroblastoma 5 10.9 
Germ cell tumor 3 6.5 
Rhabdoid tumor 1 2.2 
Desmoplatic Small Round cell 
tumor 

1 2.2 

Round blue cell tumor, 
Unclassified 

2 4.3 

Total 46 100.0 

 
Common pediatric age group for MSRBCT is below 5 
years of age i.e. 22 (47.9%) and least commonly from 
13 to 15 years of age i.e. 10 (21.7%). (Table 2) 
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Table 2: Frequency of different categories of Malignant Small Round Blue Cell Tumors (MSRCT) in different 
age groups 

Differential diagnosis of Round blue cell tumor Age groups Total 

1 month to 5 years ˃5 to 12 years ˃ 12 to 15 years 
Diffuse Large B Cell Lymphoma 1 4 0 5 
T Lymphoblatic lymphoma 1 1 2 4 
Burkitt's lymphoma 3 0 0 3 
Nk/T cell lymphoma 0 1 0 1 
Nasopharyngeal carcinoma 0 0 1 1 
Ewing's sarcoma/PNET 2 3 2 7 
Rhabdomyosarcoma 6 1 1 8 
Synovial sarcoma 0 1 3 4 
Malignant Melanoma 0 1 0 1 
Neuroblastoma 4 0 1 5 
Germ cell tumor 2 1 0 3 
Rhabdoid tumor 1 0 0 1 
Desmoplatic Small Round cell tumor 1 0 0 1 
Round blue cell tumor, Unclassified 1 1 0 2 
Total  22 (47.9%) 14 (30.4%) 10 (21.7%) 46 (100%) 

 
If we consider the site of origin, then 24% of cases were biopsied from the cervical lymph node, followed by 
abdominal mass (11%) and Retroperitoneum (9%). (Table 3)  
 
Table 3: Frequency of Individual categories and their site of origin 

Tumors Frequency Site of Origin  

Diffuse Large B Cell 
Lymphoma 

5 Cervical lymph node (1), Intestine (1), abdominal mass (2), 
Retroperitoneum (1),  

T Lymphoblatic lymphoma 4 Cervical lymph node (2), Nasopharynx (2),  
Burkitt's lymphoma 3 Liver mass (1), Nasopharynx (1), Intestine (1) 
Nk/T cell lymphoma 1 Abdominal mass (1) 
Nasopharyngeal carcinoma 1 Cervical lymph node (1) 
Ewing's sarcoma/PNET 7 Cervical lymph node (2), Bone (1), Chest mass (2), Pelvic mass (1), 

wrist joint (1) 
Rhabdomyosarcoma 8 Cervical lymph node (3), Inguinal lymph node (1), Liver mass (1), 

Testis (1), Urinary bladder mass (1), Eyelid (1) 
Synovial sarcoma 4 Pelvic mass (1), Thigh mass (3) 
Malignant Melanoma 1 Scalp mass (1) 
Neuroblastoma 5 Cervical lymph node (2), Retroperitoneum (3),  
Germ cell tumor 3 Testis (1), Abdominal mass (1), Ovarian mass (1) 
Rhabdoid tumor 1 Kidney mass (1) 
Desmoplatic Small Round 
cell tumor 

1 Abdominal mass (1) 

Round blue cell tumor, 
Unclassified 

2 Left ankle (1), Pelvic mass (1) 

Total 46  

 
It was noticed in the present study, that some tumors were only seen in males like DLBCL, Burkitt’s, and 
Desmoplastic small round cell tumors, while some were only seen in females like NK/T cell lymphoma and 
malignant melanoma. Higher percentages of Rhabdomyosarcoma, Ewings, and Neuroblastoma were present in 
males and germ cell tumors were frequent in females. (Figure 1) 
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Figure 1: Gender distribution among Malignant Small Round Blue Cell Tumors 
 
In our study, one case from the ankle and 2nd case from the pelvic area remained undiagnosed with available 
panels of immunostains 
 

Discussion 
 
Numerous studies have mentioned the benefits of IHC 
for confirmatory diagnosis of pediatric small round 
blue cell tumors.2,5,17–23 Moreover, Thomas et al. 
reported that “Immunohistochemistry changed the 
diagnosis of 24% of the cases”.9 In our article, We used 
established panels of antibodies that have been used 
by other studies in the literature.2,4,10,16,21 However, 
some research papers, used novel antibodies like 
PAX719, NKX2.217,  BCOR24, ETV425, etc for differential 
diagnosis, claiming that they are better and specific. 
Nevertheless, financial limitations did not allow us to 
use these novel antibodies.  
In the current study, Lymphomas were most frequent, 
when they were grouped together i.e. 13(28.2%) out of 
46 cases. It included 5 cases (10.9%) of diffuse large B 
cell lymphoma, 4 cases (8.7%) of T lymphoblastic 
lymphoma, 3 cases (6.5%) of Burkitt’s lymphoma, and 
1 case (2.2%) T/NK cell lymphoma (Refer to Table 1). 
This fact was also reported by Thomas et al9 and Patel 
et al.10 Nevertheless, the exact frequency was different 
in all articles. This might be due to racial and 
geographical differences. Contrary to it, Round Cell 
Tumors of the sinonasal location showed more 
carcinomas than lymphomas5, but this is a location-

based difference since other studies also highlighted 
this particular aspect.6,26 Based on this fact, it can be 
narrated that IHC panels for MSRBCT, should include 
lymphoma panels like LCA (CD45), CD30, CD20, CD3, 
CD5, Tdt, Cyclin D1, and Ki-67, etc. Other specific 
markers like CD10, BCL2, and ALK can be added to 
the above panel, if and when needed.  
If we consider individual tumors, then 
Rhabdomyosarcoma is the highest tumor in our study 
8/46(17.4%). Out of a total of 21 soft tissue tumors in 
the current study, 8 are Rhabdomyosarcoma with a 
percentage of 38%. It is consistent with other studies, 
which mentioned that it has an incidence of 40 % and 
is the most frequent pediatric soft tissue 
malignancy.2,27 Site of biopsy for Rhabdomyosarcoma 
was variable i.e. cervical region3,  and 1 case each from 
the inguinal region, urinary bladder, liver, testis, and 
eyelid. And this particular aspect has been reported by 
other studies also.2,27–29 Ewing’s/PNET is 3rd in the list 
comprising of 7 cases (15.2%), biopsied mostly from 
the cervical area, followed by the extra-skeletal site of 
the chest. Thigh and shoulder, as the extra-skeletal site 
was also mentioned by Patel et al.4 Shi Wei et al. 
reported that “Ewing’s/PNET is 2nd most common 
bone malignancy in children and young adults with 6-
8% incidence and 20% could be extra skeletal”.3 The 
reason for putting Ewing’s and PNET in one group is 
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that they depict the same morphology and cytogenetic 
alteration. It has been noticed that although Ewing’s 
sarcoma of bone is mostly undifferentiated, PNET 
shows some degree of neuro-ectodermal 
differentiation.30 Synovial sarcoma is 4(8.7%) in 
number and biopsy is taken from pelvic mass1 and 
thigh mass.3 Many other studies also mentioned the 
site of origin of synovial sarcoma, near the joints like 
the thigh and knee.2,17,31 Neuroblastoma is 5 out of 46 
in the current study with 10.9%. Sharma et al reported 
it as the “3rd most malignant extracranial solid tumor 
of childhood, arising from primitive neural crest 
cells”.2 In our research, 3/5 of Neuroblastoma cases 
were taken from retroperitoneum, which is also 
highlighted by Machado I et.al.17 In our study, there 
was only 1 (2.2%) case of desmoplastic small round 
cell tumor (DSRCT), arising from the abdominal tissue. 
Bulbul et al. also exclaimed that “DSRCT has a 
predilection for abdominal and pelvic cavity”.13  
It was noticed that some tumors were only seen in 
males like DLBCL, Burkitt’s, and Desmoplastic Small 
Round Cell Tumor, while some were only seen in 
females like NK/T cell lymphoma and malignant 
melanoma. Higher percentages of 
Rhabdomyosarcoma, Ewings, and Neuroblastoma 
were present in males and germ cell tumors were 
common in females (Figure 1). Likewise, Thompson et 
al and Shi Wei et.al. quoted slight male predominance 
of Ewing’s/PNET and Neuroblastoma.3,5 However, the 
less number of cases limits the ability to clearly define 
gender differences in the current study. Regarding age 
group, since these MSRBCTs are more commonly seen 
in children and younger age groups, so we also found 
that 22 (47.9%) patients were within 5 years of age at 
the time of diagnosis. This particular aspect has been 
shown by many studies.9,16 Two cases (4.3%), ankle 
and pelvic area respectively, could not be classified 
even after the use of all available antibodies. This 
aspect concurs with Patel et al10, in which the 
percentage of unclassified cases was 3.75%. The cause 
in our study was unequivocal IHC results and the 
unavailability of novel antibodies. To solve this matter, 
wider IHC panels and sophisticated techniques like 
EM, cytogenetic and molecular techniques should be 
used for further categorization.  
 

Limitation of Study 
  

Limited resources and a lack of cytogenetics studies 
hindered the proper sub-categorization of some of our 
cases. Moreover, newer IHC antibodies, which are 
more promising and specific, as reported in a few 
studies were not used because of economic issues. We 

suggest future research should be performed, to solve 
above stated deficiencies.  
 

Conclusion 
   
For true and accurate sub-categorization of Pediatric 
small round blue cell tumors, Immunohistochemistry 
is an essential diagnostic tool, which should be used in 
all cases.  
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