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Leukemia  &  lymphoma  are  common  and  varied
Prevalence:    1.2M        Incidence:    171K/year        Mortality:    >58k/year

h]p://www.cancer.gov/images/cdr/live/CDR526538.jpg
Leukemia  &  Lymphoma  Society.  
Fact  2014;  NaMonal  Cancer  Network.  Guidelines.  2014

Need  to  disMnguish  cell  type  and  stage
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Outcomes  have  improved  
Generally  due  to  be]er  access,  detecMon,  classificaMon,  and  treatments

page 2  I  800.955.4572  I  www.LLS.org

Survival 

Relative survival compares the survival rate of a person 
diagnosed with a disease to that of a person without the 
disease. The most recent survival data available may 
not fully represent the outcomes of all current therapies 
and, as a result, may underestimate survival to a small 
degree. Figure 2 shows the 5-year relative survival rates 
for leukemia, lymphoma and myeloma during  
1960-1963, 1975-1977 and 2005-2011. 

An estimated 1,237,824 people in the US are either living 
with, or are in remission from, leukemia, lymphoma or 
myeloma. 

Deaths 
Approximately every 9 minutes, someone in the US 
dies from a blood cancer. This statistic represents 
approximately 160 people each day or more than six 
people every hour. 

l   Leukemia, lymphoma and myeloma are expected to 
cause the deaths of an estimated 58,320 people in the 
US in 2016.

l     These diseases are expected to account for 9.8 
percent of the deaths from cancer in 2016, based on 
the estimated total of 595,690 cancer deaths. 

l       In general, the likelihood of dying from most types 
of leukemia, lymphoma or myeloma decreased from 
2003 to 2012 (the most recent data available). 

 Leukemia 
l   There are an estimated 345,422 people either living 

with, or in remission from, leukemia in the US. 
l   In 2016, 60,140 people are expected to be diagnosed 

with leukemia.

l   In 2016, 24,400 people are expected to die from 
leukemia.

l   Approximately 34 percent more males are living with 
leukemia than females. More males than females are 
diagnosed with leukemia and die of leukemia.

Hodgkin and Non-Hodgkin 
Lymphoma
l    There are an estimated 788,939 people either living 

with, or in remission from, lymphoma in the US.
l   For HL, an estimated 181,967 people are either living 

with the disease or are in remission. 
l   For NHL, an estimated 606,972 people are either living 

with the disease or are in remission.
l   In 2016, there are expected to be 81,080 new cases 

of lymphoma diagnosed in the US (8,500 cases of HL, 
72,580 cases of NHL). 

l   In 2016, 21,270 people are expected to die from 
lymphoma (1,120 from HL, 20,150 from NHL). 

l   NHL is the seventh most common cancer in the US, 
and age-adjusted incidence rose by 81.1 percent from 
1975 to 2012.

Myeloma 
 l   There are an estimated 103,463 people either living 

with, or in remission from, myeloma in the US.
l   In 2016, 30,330 people are expected to be diagnosed 

with myeloma. 
l   The median age at diagnosis is 69 years; myeloma is 

seldom diagnosed in people under age 40. 
l   In 2016, approximately 12,650 people are expected to 

die from myeloma. 
l   From 1975 to 2012, the incidence of myeloma 

increased by 33.9 percent.
l   The incidence of myeloma in black males and females 

was 139.3 percent greater than myeloma incidence in 
white males and females in 2012. 

l   Overall, mortality from myeloma has been decreasing 
slightly from 2003 to 2012 (the most recent data available).

Myelodysplastic Syndromes 
   l   There were an estimated 15,148 new cases of 

myelodysplastic syndromes (MDS) diagnosed each 
year from 2008 to 2012. 

   l   The estimated overall incidence rate of MDS is 5.0 
cases per 100,000 population. White males have 
the highest MDS incidence rates (7.0 per 100,000 
population). 

Five-Year Relative Survival Rates by Year of Diagnosis  
1960-1963 vs 1975-1977 vs 2005-2011

Figure 2.  Source: SEER (Surveillance, Epidemiology and End Results) Cancer 
Statistics Review, 1975-2011. National Cancer Institute; 2015.

* The difference in rates between 1975-1977 and 2005-2011 is statistically 
significant (P<.05). 

1Survival rate among whites (only data available).
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Cell  classificaMon  with  flow  cytometry

Features
•  High-‐throughput
•  QuanMtaMve
•  MulM-‐parameter

Discover more at abcam.com/technical 

Flow cytometry guide 
 
  
 
 
Flow cytometry is now a widely used method for analyzing expression of cell surface and intracellular molecules, 
characterizing and defining different cell types in heterogeneous cell populations, assessing the purity of isolated 
subpopulations, and analyzing cell size and volume. It allows simultaneous multi-parameter analysis of single cells. It is 
predominantly used to measure fluorescence intensity produced by fluorescent-labeled antibodies detecting proteins or 
ligands that bind to specific cell-associated molecules, such as DNA binding by propidium iodide.  
 
The staining procedure involves making a single-cell suspension from cell culture or tissue samples. The cells are then 
incubated in tubes or microtiter plates with unlabeled or fluorochrome-labeled antibodies. Cells are then analyzed on the 
flow cytometer.   
 
 
Contents: 
 
1. The flow cytometer: Fluidics. 
 
2. The flow cytometer: Measurement of forward and side scatter of light. 
 
3. The flow cytometer: Measurement of scatter light and fluorescence. 
 
4. Antibody staining. 
 
5. Selecting a fluorochrome conjugate. 
 
 
1. The Flow Cytometer: Fluidics 
 

 
 
 
 

Impact  (USA)
•  >1.2M  L/L  samples/year
•  >$700M  clinical  tesMng

Lymphocytes

Monocytes

Granulocytes

Flow  cytometry:  Principles  and  clinical  applicaMons  in  
Hematology.  Clinical  Chemistry  
46:8(B)  1221E1229,  2000
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Figure 1. Detection of the T cell antigens CD3 and CD4 on CD20+ lymphocytes by flow cytometry. The appearance of both CD3 (A) and
CD4 antigens (B) on the surface of CD20+ lymphocytes is shown for one representative patient. Freshly isolated lymphocytes (left) were compared to
lymphocytes analyzed after overnight (oN) storage of whole blood samples at 4uC (right). The statistically significant difference in the number of CD3-
expressing CD20+ (CD3lowCD20+) lymphocytes between two independent groups of donors (fresh versus oN/4uC) was determined by the two-sided
Mann-Whitney-U-Test. Outliers are depicted as circles.
doi:10.1371/journal.pone.0110138.g001

CD3-Positive B Cells

PLOS ONE | www.plosone.org 4 October 2014 | Volume 9 | Issue 10 | e110138

Figure 1. Detection of the T cell antigens CD3 and CD4 on CD20+ lymphocytes by flow cytometry. The appearance of both CD3 (A) and
CD4 antigens (B) on the surface of CD20+ lymphocytes is shown for one representative patient. Freshly isolated lymphocytes (left) were compared to
lymphocytes analyzed after overnight (oN) storage of whole blood samples at 4uC (right). The statistically significant difference in the number of CD3-
expressing CD20+ (CD3lowCD20+) lymphocytes between two independent groups of donors (fresh versus oN/4uC) was determined by the two-sided
Mann-Whitney-U-Test. Outliers are depicted as circles.
doi:10.1371/journal.pone.0110138.g001

CD3-Positive B Cells

PLOS ONE | www.plosone.org 4 October 2014 | Volume 9 | Issue 10 | e110138

Economics  of  flow  cytometry  impacts  access  
parMcularly  access,  detecMon,  and  classificaMon

Costs
•  Instrument  cost
•  Maintenance  
•  QA  requirements

Limited  deployment*  
•  1,200  hospitals  with
•  4,000  hospitals  without
•  Out-‐sourced  offsite

Hematology.  Clinical  Chemistry    46:8(B)  1221E1229,  2000
Amer.  Hospital  Assoc.  2011  StaMsMcs
Ekong  Immunolog.  Methods  164  1993


Mobs  et.  Al.  (2014)  CD3-‐PosiMve  B  Cells:  A  Storage-‐Dependent  Phenomenon.  PLoS  ONE  9(10):  e110138.
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High-‐throughput  classificaMon  drives  complexity    
serial  cell  analysis  and  mulM-‐parameter  detecMon  reduce  access

Shapiro,  “Cellular  Astronomy”
  –  a  foreseeable  future  in  cytometry.
2004

Laser  illuminaMon
Fluidics  System:

One-‐by-‐one  cell  analysis
MulMchannel  (8+)
signal  detecMon
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Microscopy:    democraMze  flow  data?  
replacing  the  complexity  and  removing  the  flow

Laser  illuminaMon
Fluidics  System:
serial  cell  analysis

MulMchannel  (8+)
signal  detecMon

Advances  in  illuminators,  sensors,  and  image  processing  enable
Cost-‐effecMve,  sensiMve,  high  throughput,  and  quanMtaMve  imaging

Stable,  affordable,  
high  power  LEDs

Flow-‐less  
imaging  sample

Single  detector

Shapiro,  “Cellular  Astronomy”
  –  a  foreseeable  future  in  cytometry.
2004
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Cellular  astronomy:    democraMzing  flow  data  
zooming  out  from  tradiMonal  microscopy  and  towards  flow  cytometry  

TradiMonal  microscopy Cellular  astronomy

20-‐40x

Shapiro,  “Cellular  Astronomy”
  –  a  foreseeable  future  in  cytometry.
2004
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Cellular  astronomy:    democraMzing  flow  data  
zooming  out  from  tradiMonal  microscopy  and  towards  flow  cytometry  

TradiMonal  microscopy Cellular  astronomy

20-‐40x
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Cellular  astronomy:    democra:zing  flow  data  
zooming  out  from  tradi:onal  microscopy  and  towards  flow  cytometry  

Tradi:onal  microscopy Cellular  astronomy

20-‐40x
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Cellular  astronomy:    democra:zing  flow  data  
zooming  out  from  tradi:onal  microscopy  and  towards  flow  cytometry  

20-‐40x

Tradi:onal  microscopy Cellular  astronomy

<  4x
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Cellular  astronomy:    democra:zing  flow  data  
zooming  out  from  tradi:onal  microscopy  and  towards  flow  cytometry  

20-‐40x

Tradi:onal  microscopy Cellular  astronomy

Hubble  Deep  Field
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Cellular  astronomy:    democra:zing  flow  data  
zooming  out  from  tradi:onal  microscopy  and  towards  flow  cytometry  

Tradi:onal  microscopy Cellular  astronomy

20-‐40x

Cost-‐effec:ve,  poten:al  for  high-‐throughput,  but  can  it  be  quan:ta:ve?  



MIT  CFTCC  CELL  |  15

Steps  towards  cell  astronomy  to  increase  access
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Highly  oblique  illumina;on  microscopy  (HOIM)

Discover more at abcam.com/technical 

Flow cytometry guide 
 
  
 
 
Flow cytometry is now a widely used method for analyzing expression of cell surface and intracellular molecules, 
characterizing and defining different cell types in heterogeneous cell populations, assessing the purity of isolated 
subpopulations, and analyzing cell size and volume. It allows simultaneous multi-parameter analysis of single cells. It is 
predominantly used to measure fluorescence intensity produced by fluorescent-labeled antibodies detecting proteins or 
ligands that bind to specific cell-associated molecules, such as DNA binding by propidium iodide.  
 
The staining procedure involves making a single-cell suspension from cell culture or tissue samples. The cells are then 
incubated in tubes or microtiter plates with unlabeled or fluorochrome-labeled antibodies. Cells are then analyzed on the 
flow cytometer.   
 
 
Contents: 
 
1. The flow cytometer: Fluidics. 
 
2. The flow cytometer: Measurement of forward and side scatter of light. 
 
3. The flow cytometer: Measurement of scatter light and fluorescence. 
 
4. Antibody staining. 
 
5. Selecting a fluorochrome conjugate. 
 
 
1. The Flow Cytometer: Fluidics 
 

 
 
 
 

SSC

FSC

Side-‐scaFered  light  (SSC)

Forward-‐scaFered  light  (FSC)



MIT  CFTCC  CELL  |  18

HOIM  uses  modular  illumina;on  hardware

Compa;ble  with  a  broad  
set  of  microscopes
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Fit  the  detected  event  to  obtain  scaFer  analogs

Area               ≈  FSC

Intensity        ≈  SSC

3.8mm
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HOIM  recapitulates  individual  WBC  popula;ons  
using  sorted  stabilized  human  control  WBCs

Lymphocytes

Monocytes

Granulocytes

Sorted  lymphocytes,  
monocytes,  and  
granulocytes  have  
dis;nguishable  size  
and  HOIM  signal  

intensity
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HOIM  qualita;vely  resembles  flow  data  
adding  together  the  data  from  sorted  stabilized  human  control  WBCs    

HOIM Flow  cytometer

Lymphocytes

Monocytes

Granulocytes

HOIM  size  and  intensity  data  replicate  
forward  and  side  scaFer  flow  cytometry  data

Lymphocytes

Monocytes

Granulocytes



MIT  CFTCC  CELL  |  22

Ga;ng  out  RBCs  with  HOIM  and  fluorescence  
using  unsorted  lysed  stabilized  human  control  samples

CD45  WBC  gate WBCs  only

HOIM  size  and  intensity  data  can  be  obtained  on  unsorted  lysed  
samples  and  used  in  clinical  workflow  to  isolate  WBC  popula;ons

Lymphocytes

Monocytes

Granulocytes

Debris/RBCs

Lymphocytes

Monocytes

Granulocytes

Debris/RBCs

Lymphocytes

Monocytes

Granulocytes

Debris/RBCs

WBCs  +  Debris
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Analyzing  HOIM  performance  w/  manual  ga;ng  
using  unsorted  lysed  stabilized  human  control  samples

Lymphocyte  
popula;on

ra;os  correlate  
with  the  values  
supplied  by  the  

sample
manufacturer
(r2  =  0.98)
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Conclusions:  ScaFer-‐based  WBC  discrimina;on    
using  HOIM  and  ficng  in  the  cellular  astronomy  regime

• Detect  and  quan;fy  scaFering  signals  from  cells  at  4x  magnifica;on
• Accurately  classify  leukocytes  into  3  subpopula;ons
• Accurately  quan;fy  3  leukocyte  subpopula;ons  

• Outstanding  concern:    
• Leukemia/lymphoma  applica;ons  require  >8  color  fluorescence
• Work  underway  by  licensor  of  the  IP
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Future  direc;ons  and  unpublished  work
• Dynamic  imaging  of  leukocytes  /  RBCs
• Different  substrates
• Effects  of  cell  packing  frac;on
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HOIM  at  2x  magnifica;on HOIM  w/  human  samples
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Outcomes  &  broader  impacts

CFTCC  grant
• Technical  proof-‐of-‐concept
• Manuscript  (submiFed)

• Provisional  patent  applica;on
• Licensing  and  commercial  development  underway

Transla;on  of  a  complete  cell  astronomy  plajorm
• 5  year  effort  to  develop  and  de-‐risk  the  whole  system

• SSC  was  the  final  step  to  compel  an  industrial  partner  to  license
• Development  in  industry  moves  us  closer  to  clinical  impact
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