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Contrast	
  enhanced	
  computed	
  tomography	
  

(CT)	
   has	
   long	
   been	
   the	
   imaging	
   technique	
  

most	
   commonly	
   used	
   for	
   staging	
   and	
  

follow	
  up	
  of	
  malignant	
  lymphoma	
  ….	
  

CT	
   does	
   not	
   provide	
   func>onal	
   or	
  

metabolic	
  informa>on.	
  	
  



CT	
  SCAN:	
  the	
  role	
  of	
  CT	
  scan	
  in	
  L	
  is	
  mulK	
  fold	
  

It	
  is	
  used	
  to:	
  

• define	
   the	
   full	
   extent	
   of	
   disease	
   to	
   permit	
   accurate	
  

staging;	
  

• assist	
   in	
   treatment	
   planning	
   (determin	
   the	
   site	
   of	
  

nodal	
  biopsy,	
  create	
  radia>on	
  planning	
  portals,	
  select	
  

chemotherapy	
  protocols):	
  

• 	
  evaluate	
  response	
  to	
  therapy;	
  
• 	
  monitor	
  pa>ent.	
  	
  



CT	
  SCAN	
  –	
  limited	
  accuracy	
  
• Small	
  LN	
  may	
  harbor	
  malignant	
  cells;	
  

• Larger	
  LN	
  may	
  be	
  benign;	
  

• Significance	
   of	
   >	
   number	
   of	
   normal	
   size	
   LN,	
   in	
   the	
   ini>al	
   early	
  

staging	
  CT;	
  ???	
  

•  	
  The	
  growth	
  becames	
  evident	
  if	
  serial	
  studies	
  are	
  completed;	
  

• Small	
   difference	
   in	
  measures	
   (≅	
   15%)	
   in	
   near	
   normal	
   size	
   LN	
   is	
  

oOen	
  related	
  to	
  “plane	
  of	
  sec>on”	
  ar>fact;	
  

•  	
  Limited	
  accuracy	
  for	
  assessing	
  L	
  in	
  bone	
  marrow;	
  

• Inability	
  to	
  differen>ate	
  ac>ve	
  disease	
  within	
  a	
  residual	
  mass;	
  

• Limited	
  ability	
  to	
  assess	
  early	
  response	
  to	
  treatment.	
  



Spectrum	
  of	
  imaging	
  features	
  
MEDIASTINAL	
  (HL	
  85%;	
  NHL	
  45%)	
  
Presence	
  of	
  a	
  discrete	
  anterior	
  medias>nal	
  mass	
  with	
  a	
  lobulated	
  
contour	
  …	
  

Non-­‐Hodgkin	
  lymphoma	
  (diffuse	
  large	
  B-­‐cell	
  type)	
  in	
  a	
  29-­‐year-­‐old	
  man.	
  	
  
A)  Transverse	
  medias>nal	
  window	
  CT	
  (7.0-­‐mm	
  sec>on	
  thickness)	
  scan	
  obtained	
  at	
  level	
  of	
  azygos	
  arch	
  

shows	
  homogeneous	
  soO	
  >ssue	
  mass	
  in	
  anterior	
  medias>num.	
  
B)  CT	
   scan	
   obtained	
   at	
   the	
   same	
   level	
   as	
   A	
   13	
   months	
   aOer	
   comple>on	
   of	
   radia>on	
   therapy	
  

demonstrates	
  that	
  tumor	
  has	
  decreased	
  in	
  size	
  and	
  contains	
  dystrophic	
  calcifica>ons	
  (arrow)	
  within	
  
remaining	
  tumor.	
  



23	
  year	
  old	
  woman	
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  large	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
B-­‐cell	
  lymphoma	
  (PMBCL)	
  

AOer	
  chemotherapy	
  and	
  RT	
  Before	
  therapy	
  	
  



• It	
  is	
  difficult	
  to	
  differen>ate	
  HL	
  from	
  NHL	
  on	
  the	
  
basis	
  of	
  a	
  nodal	
  distribu>on	
  alone;	
  
• The	
   sole	
   medias>num	
   involvement	
   occurs	
   in	
  
only	
  5%	
  of	
  L	
  cases	
  
• Large	
   tumors	
   commonly	
   contain	
   areas	
   of	
   low	
  
adenua>on	
  due	
  to	
  hemorrhage	
  or	
  necrosis;	
  
• Large	
  B-­‐cell	
  L	
  and	
  Lymphoblas>c	
  L	
  are	
  the	
  most	
  
common	
   subtypes,	
   primarily	
   involving	
   the	
  
anterior	
  medias>num;	
  



30	
  year	
  old	
  man	
  with	
  primary	
  mediasKnal	
  large	
  B-­‐cell	
  lymphoma	
  (PMBCL)	
  stage	
  IIb	
  

AOer	
  chemotherapy	
  and	
  RT	
  Before	
  thrapey	
  	
  



LUNG	
  
• 	
  Primary	
  pulmonary	
  L	
  is	
  rare	
  and	
  is	
  encounterd	
  usually	
  in	
  NHL	
  
• 	
  Pulmonary	
  involvement	
  is	
  iden>fied	
  more	
  oOen	
  in	
  HL	
  then	
  in	
  NHL	
  

	
  

	
  

	
  

	
  

	
  

	
  

• The	
   commonest	
   feature	
   of	
   pulmonary	
   involvement	
   is	
   a	
   direct	
  
extension	
  from	
  hilar	
  or	
  medias>nal	
  nodes	
  





69	
  year-­‐old	
  man	
  with	
  non-­‐Hodgkin's	
  Intravascular	
  large	
  cell	
  lymphoma	
  (ILCL	
  )	
  
	
  Before	
  therapy	
  	
   AOer	
  chemotherapy	
  



In	
   treated	
   Ps	
   it	
   is	
   oOen	
   difficult	
   to	
  

differen>ate	
   between	
   pulmonary	
  

involvement	
   and	
   other	
   benign	
  

condi>ons	
  such	
  as	
   infec>on,	
  radia>on	
  

pneumonia,	
  or	
  DRUG	
  induced	
  disease.	
  



• Para-­‐aor>c	
  LN	
  are	
  the	
  most	
  common	
  findings;	
  

• 	
   In	
  general	
   there	
   is	
  displacement	
  of	
   structures	
  

by	
  enlarged	
  LN	
  without	
  invasion;	
  

• 	
   CT	
   scan,	
  MRI	
   are	
   primarily	
   used	
   to	
   detect	
   LN	
  

and	
  the	
  padern	
  of	
  nodal	
  involvement.	
  

Imaging	
  of	
  abdominal	
  lymphoma	
  



In	
  the	
  abdomen,	
  pelvis,	
  L	
  may	
  present	
  as	
  unifocal,	
  mul>focal	
  

masses;	
  lymphadenopathy;	
  diffuse	
  infiltra>on.	
  

LIVER	
  

Rarely	
  L	
  may	
  be	
  a	
  primary	
  lesion.	
  

There	
  are	
  several	
  paderns	
  of	
  hepa>c	
  involvement	
  including:	
  

• 	
  Hepatomegaly	
  (easily	
  overloked);	
  

• 	
  Mul>focal	
  hepa>c	
  masses	
  (resembling	
  metastases);	
  

• 	
  Miliary	
  lesion	
  (d.	
  d.	
  with	
  fungal	
  abscesses);	
  

• 	
  Lymphomatous	
  infiltra>on.	
  









Imaging	
  appearance	
  of	
  L	
  of	
  the	
  spleen:	
  
• 	
  Splenomegaly;	
  

• 	
  Solitary	
  mass;	
  

• 	
  Mul>focal	
  nodules;	
  

• 	
  Diffuse	
  infiltra>on	
  

• NHL	
  is	
  the	
  most	
  common	
  tumor;	
  

• 30%-­‐40%	
  of	
  the	
  spleen	
  involvement	
  at	
  representa>on	
  (staging	
  laparatomy).	
  
	
  





	
  	
  Pancreas	
  -­‐	
  Gastric	
  -­‐	
  Small	
  bowel	
  -­‐	
  colon,	
  mesentery	
  







47	
  year-­‐old	
  man	
  with	
  diffuse	
  large	
  B-­‐cell	
  lymphoma	
  (DLBCL)	
  localized	
  to	
  ileum	
  and	
  colon	
  (stage	
  IVa)	
  	
  

Before	
  therapy	
  	
   AOer	
  chemotherapy	
  	
  



81 year old man with diffuse large B-cell lymphoma (DLBCL) localized to               
lymph node, gastric and ileal. 

Before	
  therapy	
  	
   AOer	
  chemotherapy	
  	
  





“TradiKonal”	
  MR	
  imaging	
  

• The	
   accuracy	
   in	
   detec>ng	
   LN	
   and	
  organ	
   involvement	
   is	
  

similar	
  to	
  that	
  of	
  CT;	
  

•  	
   Lymphoma	
  masses:	
   low	
   to	
   iso-­‐signal	
   intensity	
   on	
   T1-­‐

weighted	
  images,	
  and	
  moderately	
  high	
  signal	
  on	
  T2;	
  

• Tumor	
  masses	
  are	
  hyperintensive	
  on	
  T2-­‐WI,	
  and	
  chronic	
  

fibrosis	
  or	
  scar	
  are	
  oOen	
  hypointense.	
  



The	
   mean	
   Gd	
   enhancement	
   of	
  

residual	
   masses	
   aOer	
   treatment	
   is	
  

oOen	
   substan>ally	
   weaker	
   than	
   that	
  

observed	
   before	
   treatment	
   in	
   Ps	
   in	
  

complete	
  remission	
  



The	
  sensi>vity	
  of	
  these	
  findings	
  is	
  low	
  

because	
   of	
   necrosis,	
   immature	
  

fibro>c	
   >ssue,	
   edema,	
   inflamma>on	
  

that	
   can	
   simulate	
   the	
   high	
   T2	
   signal	
  

intensity	
  of	
  a	
  viable	
  tumor.	
  



Diffusion-­‐weighted	
   (DW)	
  MRI	
   non	
   invasi-­‐

vely	
   depicts	
   the	
   random	
   microscopic	
  

mo>on	
   of	
   water	
   molecules	
   in	
   the	
   body,	
  

which	
   depends	
   on	
   cellularity	
   and	
   cell	
  

membrane	
  integrity.	
  



Because	
  of	
  their	
  high	
  cellularity	
  and	
  

high	
   nucleus-­‐to-­‐cytoplasm	
   ra>o,	
  

lymphomas	
  have	
   a	
   lower	
   apparent	
  

diffusion	
   coefficient	
   (ADC)	
   value	
  

than	
  do	
  other	
  tumors.	
  



The	
  restricted	
  diffusion	
  of	
  water	
  molecules	
  is	
  

propor>onal	
   to	
   the	
   degree	
   of	
   cellularity	
   of	
  

the	
   >ssue	
   and	
   the	
   integrity	
   of	
   the	
   cell	
  

membranes.	
  

Decreased	
  cell	
  prolifera>on	
  and	
  cell	
  density	
  in	
  

treated	
   tumors	
   could	
   induce	
   a	
   change	
   in	
  

signal	
  intensity	
  on	
  DW	
  imaging.	
  



DWI	
  →	
  two	
  addi>onal	
  large	
  gradients	
  are	
  placed	
  on	
  each	
  side	
  of	
  a	
  180	
  degree	
  pulse;	
  
	
  
B-­‐value	
  →	
  is	
  a	
  factor	
  that	
  reflects	
  the	
  strength	
  and	
  >ming	
  of	
  the	
  gradients	
  used	
  to	
  

generate	
  DWI;	
  
	
  
ADC	
  MAPS	
  →	
  acquisi>on	
  of	
  mul>ple	
  imaging	
  with	
  different	
  b	
  value.	
  Is	
  a	
  measure	
  	
  of	
  

magnitude	
  of	
  diffusion	
  of	
  water	
  molecoles	
  within	
  >ssue.	
  

• 	
  Radiologists	
  should	
  interpret	
  DWI	
  in	
  conjunc>on	
  with	
  ADC	
  MAPS	
  

Tauli	
  B	
  et	
  al.	
  Radiology	
  2010;	
  254(1):47-­‐66.	
  



Decrease	
  in	
  ADC	
  value	
  reflects	
  an	
  increase	
  in	
  

total	
   cellular	
   size	
  or	
   number,	
   as	
   is	
   seen	
  with	
  

tumor	
  	
  progression.	
  

In	
   contrast	
   increases	
   in	
   ADC	
   values	
   reflect	
   a	
  

successful	
  treatment	
  of	
  lymphoma.	
  

An	
   increase	
   in	
   ADC	
   values	
   is	
   observed,	
   aOer	
  

chemoth,	
   much	
   earlier	
   than	
   morphologic	
  

change.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  



Rapid	
   technical	
   developments,	
   such	
   as	
   echo-­‐

planar	
  sequences,	
  parallel	
  imaging,	
  mul>channel	
  

phased	
   array	
   surface	
   coils,	
   respiratory	
   ga>ng,	
  

moving	
  examina>on	
  tables	
  …	
  

Whole	
   body	
   diffusion-­‐weighted	
   (DW)	
   MR	
   that	
  

reflects	
   cell	
   density	
   is	
   now	
   feasible	
   in	
   rou>ne	
  

clinical	
  prac>ce.	
  



Toledano	
  S	
  –	
  Massia	
  M	
  et	
  
al.	
  Radiographics.	
  2015;	
  
35:747-­‐764.	
  



Recent	
  studies	
  showed	
  that	
  WBDW	
  

imaging	
   was	
   not	
   only	
   comparable	
  

to	
   PET/CT	
   in	
   Ps	
   with	
   FDG-­‐avid	
  

lymphoma	
  but	
  also	
  was	
  superior	
  in	
  

Ps	
   with	
   lymphoma	
   subtypes	
   with	
  

variable	
  FDG	
  avidity.	
  

MAYEROEFER	
  ME	
  et	
  al.	
  Clin	
  Cancer	
  Res	
  2014;	
  20(11):	
  2984-­‐2993.	
  



Vermoolen	
  MA,	
  Kersten	
  MJ,	
  Fijnheer	
  R	
  et	
  al.	
  Magne>c	
  resonance	
  imaging	
  of	
  malignant	
  lymphoma.	
  Expert	
  Rev	
  Hematol.	
  2011;4(2):161-­‐171.	
  

Gray	
  scale	
   inverted	
  
maximum	
   intensity	
  
projec>on	
  DWI	
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  MAPS	
  

MIP-­‐DWIBS	
  b	
  800	
  

Axial	
  DWI	
  b	
  400	
   PET	
  











MR	
  arKfacts	
  and	
  Pi`alls	
  

PaKent-­‐dependent	
  factor	
  

• 	
  Foreign	
  body	
  ar>fact	
  
• 	
  False	
  posi>ve	
  lesion	
  
	
  

Technique	
  dependent	
  factors	
  

• 	
  T2	
  shine-­‐through	
  effect	
  
• 	
  Mo>on	
  related	
  ar>fact	
  

• 	
  Iron	
  and	
  calcium	
  containing	
  lesion	
  



R	
  Syha	
  et	
  al.	
  Assessment	
  of	
  the	
  
nature	
  of	
  residual	
  masses	
  at	
  end	
  
of	
  treatment	
  in	
  lymphoma	
  
pa>ents	
  using	
  volume	
  perfusion	
  
computed	
  tomography.	
  	
  
Eur	
  Radiol	
  (2014)	
  24:770-­‐779	
  



Conclusion	
  

MRI	
  +	
  DWI	
  is	
  emerging	
  as	
  powerful	
  clinical	
  tool	
  in	
  the	
  care	
  of	
  pa>ents	
  

with	
  cancer	
  and	
  can	
  provide	
   important	
   informa>on	
  related	
  to	
  tumor	
  

cellularity	
  and	
  integrity	
  of	
  the	
  cellular	
  membrane.	
  

In	
   Ps	
   with	
   lymphoma,	
   whole-­‐body	
   DWI	
   can	
   be	
   clinically	
   useful	
   for	
  

disease	
  detec>on,	
  lesion	
  characteriza>on	
  and	
  assessment	
  of	
  tretment	
  

response.	
  However	
  careful	
  op>miza>on	
  of	
   this	
   technique	
   is	
   required	
  

to	
  ensure	
  high-­‐quality	
  images.	
  

Furthermore,	
   hybrid	
   PET/MR	
   imaging	
   could	
   provide	
   complementary	
  

func>onal	
   and	
   anatomic	
   informa>on	
   and	
   be	
   a	
   valuable	
   aid	
   in	
   the	
  

treatment	
  of	
  pa>ents	
  with	
  lymphoma.	
  



Computed	
  Tomography	
  	
  

PET / CT	
  

WB - DWI / MRI	
  

•  Increase radiologist acceptance 
 

•  Clinically acceptable scan time 
possible 

•  STIR type fat-suppression preferred  
•  Avoid false positive reading by:	
  
•  Correlation with anatomical sequences 
•  Knowledge of anatomy and phisiology 
•  Supportive problem solver à PET/MRI? 

COMPETITIVE	
  	
  OR	
  COMPLEMENTARY	
  ?	
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