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Introduction 
  

• Gastrointestinal stromal tumors (GISTs) have varying 

malignant potentials 

 

• Complete surgical resection is the treatment of choice 
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Why is accurate prognostication of GIST after 

surgical resection important? 
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Introduction 
  

1. Appropriate patient counselling 

2. Determination of intensity of postoperative surveillance 

3. Selection of patients for adjuvant treatment: 

High risk patients: 

- Adjuvant imatinib improves recurrence-free survival 

- Patients with a high recurrence risk have a longer survival with 3 years 

vs 1 year of adjuvant imatinib 

Low risk patients: 

- Many GIST patients are cured after surgery without the need for 

adjuvant treatment 

- Imatinib is generally well-tolerated but still has a high rate of adverse 

effects  

- Imatinib is costly 
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Introduction 
 • Today - established prognostic factors for GIST include: 

1. Tumor size 

2. Mitotic count 

3. Site: gastric vs non-gastric 

 

• Other prognostic factors include: 

1. Tumor rupture 

2. Sex 

3. Epitheloid subtype, necrosis 

4. Mutations eg. KIT exon 11 

5. Other biomarkers  

 

• Several risk-stratification models are available for localized 

GIST today 

 



 

Risk-stratification models 
 



NIH criteria, 2002 (Fletcher) 
Hum Pathol 2002;33:459 

 

• developed empirically 

• workgroup consensus opinion 

• Based on tumor size, mitotic count 

• Not based on statistical validation 

• Subsequently validated in numerous studies 

 



Risk criteria Tumor size 

(cm) 

Mitotic count 

(per 50 

HPFs) 

Primary tumor site 

NIH consensus criteria 2002 (2001) 

      Very low risk <2 <5 Any 

      Low risk ≥2<5 <5 Any 

      Intermediate 

      risk 

<5 5-10 Any 

5-10 <5 Any 

      High risk ≥5 ≥5 Any 

>10 Any Any 

Any >10 Any 



Validation of NIH (Fletcher) criteria 
Joensuu. Lancet Oncol 2012;13:265, n = 2560 

 



NIH-Miettinen criteria, 2002  
Hum Pathol 2002;33:478 

 

• developed empirically 

• Workgroup consensus opinion 

• Based on tumor size, mitotic count, site 

• Not based on statistical validation 

 



Risk criteria Tumor size 

(cm) 

Mitotic count 

(per 50 

HPFs) 

Primary tumor site 

NIH-Miettinen criteria 

      Probably 

      benign 

≤5 

≤2 

 

≤5 

≤5 

 

Gastric 

Intestinal 

      Uncertain  >5 ≤10 

>2 ≤5 

 

≤5 

≤5 

 

Gastric 

Intestinal 

 

      Probably 

      malignant 

>10 

>5 

 

 

>5 

>5 

Gastric 

Intestinal  



AFIP criteria, 2006 (Miettinen) 

NCCN 2007 
Semin Diagn Pathol 2006;23:70,  Am J Surg Pathol 2006;30:477, Am J 

Surg Pathol 2005;29:52, Am J Surg Pathol 2003;27:625, Am J Surg 

Pathol 2001;25:1121 

 

• Modification of NIH-Miettinen 

• Based on size, mitotic count and site 

• Formulated based on findings from several 

previously published studies 

• 1055 gastric, 906 jejunum/ileum, 156 

duodenum,  144 colorectal,  

• No statistical validation 

• 4-tier, 15 subcategories 



Tumor Parameters 

Percent of patients with progressive disease 

during long-term follow-up and characterization 

of risk for metastasis 

Group TumorSize MitoticRate  
Gastric 

GISTs 

Jejunal and 

Ileal GISTs 

Duodenal 

GISTs 

Rectal 

GISTs 

  

1 
≤2 cm 

  

≤5-/-50-

HPFs 

0%  

none 

0%  

none 

0%  

none 

0%  

none 

2 
>2 cm ≤5 cm 

  

≤5-/-50-

HPFs 

1.9% 

very low 

4.3% 

low 

8.3% 

low 

8.5% 

low 

3a 
>5 cm 

≤10cm 

≤5-/-50-

HPFs 

3.6%  

low 

24% 

moderate 
 

34%  

high ‡ 

57% 

high ‡ 
3b >10 cm 

≤5-/-50-

HPFs 

12% 

moderate 

52% 

high 

4 ≤2 cm 
>5 / 50 

HPFs 
0% † 50% † § 

54% 

high 

5 >2 cm ≤5 cm 
>5 / 50 

HPFs 

16% 

moderate 

73% 

high 

50% 

high 

52% 

high 

6a 
>5 cm 

≤10cm 

>5 / 50 

HPFs 

55% 

high 

85% 

high 
 

86% 

high 

71% 

high ‡ 
6b >10 cm 

>5 / 50 

HPFs 

86% 

high 

90% 

high 
† denotes tumor categories with very few cases 

‡ Groups 3a and 3b, 6a and 6b are combined in duodenal and rectal GISTs  

because of small number of cases. 

 

§ No tumors of such category were included in the study. 

 

NOTE that small intestinal and other intestinal GISTs show a markedly worse prognosis in many mitosis 

and size categories than gastric GISTs. 

  

  



Risk criteria Tumor size 

(cm) 

Mitotic count 

(per 50 HPFs) 

Primary tumor site 

AFIP criteria 2006 

      Very low risk ≤2 ≤5 Any 

>2≤5 ≤5 Gastric 

      Low risk >2≤5 ≤5 Non-gastric 

>5≤10 ≤5 Gastric 

≤2 >5 Gastric 

      Intermediate risk >10 ≤5 Gastric 

>2≤5 >5 Gastric 

>5≤10 ≤5 Non-gastric 

      High risk >10 ≤5 Non-gastric 

≤2 >5 Non-gastric 

>2≤5 >5 Non-gastric 

>5≤10 >5 Any 

>10 >5 Any 



Validation of AFIP (NCCN) criteria 
Joensuu. Lancet Oncol 2012;13:265, n = 2560 

 



Modified NIH criteria, 2008 (Joensuu) 
Hum Pathol 2008;39:1411 

• formulated based on personal opinion 

• Based on mitotic count, size, site and rupture 

• No statistical validation 

• 4 risk categories 

• Very low, low and intermediate risk had excellent 

outcomes 

• Essentially 2 risk categories 



Risk criteria Tumor size 

(cm) 

Mitotic count 

(per 50 

HPFs) 

Primary tumor site 

Joensuu criteria (modified NIH criteria) 2008 

      Very low risk ≤2 ≤5 Any 

      Low risk >2≤5 ≤5 Any 

      Intermediate 

      risk 

>2≤5 >5≤10 Gastric 

≤2 >5≤10 Any 

>5≤10 ≤5 Gastric 

      High risk Any Any Tumor rupture 

>10 Any Any 

Any >10 Any 

>5 >5 Any 

>2≤5 >5 Non-gastric 

>5≤10 ≤5 Non-gastric 



Validation of mNIH (Joensuu) criteria 
Joensuu. Lancet Oncol 2012;13:265, n = 2560 

 



 

Validation of mNIH (Joensuu) criteria 
Rutkowski. EJSO 2011;37:890, n = 640 

 



MSKCC nomogram 
Lancet Oncol 2009;10:1045 

 
• Formulated based on 127 patients from MSKCC 

• Median FU 4.7 years 

• Validated – 2 cohorts: Spanish Group for Research on 

Sarcomas (GEIS) (n=212) and the Mayo Clinic (Mayo) 

(n=148)  

• Predictive factors: mitotic count (categorical), size, site 

• Rupture not significant (small numbers) 

• Nomogram constructed (continuous, nonlinear)  

     

 

 



MSKCC Nomogram 
 



MSKCC nomogram 
Lancet Oncol 2009;10:1045 

 
• MSKCC nomogram compared to NIH, AFIP and NIH-

Miettinen 

 

• Nomogram significantly superior to NIH and NIH-Miettinen 

not AFIP 

     

 

 



 



Joensuu Contour map 
Lancet Oncol 2012;13:265 

• Observation cohort study- derived from 

published population-based studies 

• Assess prognostic factors of RFS in resectable 

GISTs  

• Pooled analysis of 2560 patients from 10 studies 

• Median overall survival 12.4 years 

• Validation in 920 patients from Italy 



 



Joensuu Contour map 
Lancet Oncol 2012;13:265 

• Tumor size, mitotic count, location (gastric vs 

non-gastric vs EGIST), sex and rupture 

independent predictor of RFS 

• Non-linear (GP-Cox models) were applied – 

prognostic heat maps and contour maps were 

produced using the above variables except sex 

 

 

 



 



Joensuu Contour map 
Lancet Oncol 2012;13:265 

• Comparison between the contour map vs NIH vs 

mNIH and AFIP in predicting 10-year RFS 

• Contour map was the most accurate 

• Same results for 5-year RFS 

 

 

 



 



Summary of 5 current prognostication 

systems (? most popular) 

System N Variables Type Remarks 

NIH ’02 

Fletcher 

Nil size, mitot ct Categorical 

 

Consensus 

opinion 

AFIP ’06 

Miettinen 

Nil size, mitot ct, site 

(gastric vs nongastric) 

Categorical Consensus 

opinion 

mNIH ’08 

Joensuu 

 

Nil size, mitot ct, site, 

rupture 

 

Categorical Personal 

opinion 

MSKCC ‘09 

 

127 size, mitot ct, site Continuous, 

nonlinear 

Validated in 

212 and 148 

patients 

 

Joensuu contour 

map ‘12 

2560 size, mitot ct, rupture, 

site (gastric vs 

nongastric vs EGIST)  

 

Continuous, 

nonlinear 

Validated in 

920 patients 



OTHER RISK 

STRATIFICATION MODELS 

 



Modified NIH system, 2007 (Huang) 
Surgery 2007;141:748  

 

 

• 289 resected GISTs in Taiwan 

• Modified NIH system 

• Mitotic count and size 

• Very low and low risk categories combined 

• High risk: stratified into 2 groups 

 



 



 

NIH  
 

Modified NIH  

 



Modified AFIP criteria, 2008 (Goh) 
Ann Surg Oncol 2008;15(8):2153  

 

 

• 171 resected GISTs in Singapore 

• Modified AFIP system 

• Mitotic count, size and site 

• Very low and low risk categories combined 

• High risk: stratified into 2 groups 

 



 

NIH  
 

Modified NIH  

 



TGM system, 2009 (Woodall) 
Arch Surg 2009;144:670-78.  

 

• Not restricted to localized GIST 

• Review of SEER database, USA – 2537 patients 

• Median FU 21 months 

• Size, grade and metastases 

• No documentation of mitotic count in database 

• TG – for localized GIST 



 



 



AJCC, TNM 2010  
 AJCC 7th edition 

 

• Adopted from the AFIP/NCCN system 

• Translated into TNM 

• Mitotic count, size, site, metastases/LN 

involvement 

 



Primary Tumor (T) 

 TX: Primary tumor cannot be assessed 

 T0: no evidence for primary tumor 

 T1: tumor 2 cm or less 

 T2: tumor more than 2 cm but not more than 5 cm 

 T3: tumor more than 5 cm but not more than 10 cm 

 T4: tumor more than 10 cm in greatest dimension 

Regional Lymph Nodes (N) 

 NX: regional lymph nodes cannot be assessed 

 N0: no regional lymph node metastasis 

 N1: regional lymph node metastasis 

Distant Metastasis (M) 

 M0: no distant metastasis 

 M1: distant metastasis 

Mitotic Rate 

 low mitotic rate: 5 or fewer per 50 HPF 

 high mitotic rate: over 5 per 50 HPF 



Gastric GIST * 

Group 
T N M Mitotic Rate 

 Stage IA  T1 or T2  N0  M0  low 

 Stage IB  T3  N0  M0  low 

 Stage II 

 T1 

 T2 

 T4 

 N0 

 N0 

 N0 

 M0 

 high 

 high 

 low 

 Stage IIIA  T3  N0  M0  high 

 Stage IIIB  T4  N0  M0  high 

 Stage IV 
 any T 

 any T 

 N1 

 any N 

 M0 

 M1 

 any rate 

 any rate 

Small Intestinal 

GIST** 

 Group  

 T  N  M  Mitotic Rate 

 Stage I  T1 or T2  N0  M0  Low 

 Stage II  T3  N0  M0  Low 

 Stage IIIA 
 T1 

 T4 

 N0 

 N0 

 M0 

 M0 

 High 

 Low 

 Stage IIIB 

 T2 

 T3 

 T4 

 N0 

 N0 

 N0 

 M0 

 M0 

 M0 

 High 

 High 

 High 

 Stage IV 
 any T 

 any T 

 N1 

 any N 

 M0 

 M1 

 any rate 

 any rate 

 *  Note: also to be used for omentum 

** Note: also to be used for esophagus, colorectal, mesentery,  

             and peritoneum 



 

Validation of AJCC system 
Rutkowski. Cancer 2011;1174916, n = 640 

Gastric GIST 

 



 

Validation of AJCC system 
Rutkowski. Cancer 2011;1174916, n = 640 

Non-gastric GIST 

 



Italian nomogram, 2011 (Rossi) 
 Am J Surg Pathol 2011;35:1646 

 

• 929 resected GISTs reviewed in Italy 

• Nomogram developed from 526 patients to 

predict overall survival 

• No external validation 

• Median FU 126 months 

• Based on mitotic count, size, site, age 

• Mitosis and size as continuous variables 



MSKCC Nomogram 
 



Nomogram, 2014 (Bischof) 
 J Gastrointest Surg 2014;18:2123 

 

• 356 resected GISTs in North America  

• Nomogram developed to predict DFS 

• No external validation 

• Median FU 20 months 

• Based on mitotic count, size, site, sex 

• Tumor rupture not significant predictor 

• Mitosis and size as categorical variables 



 

Nomogram, 2014 (Bischof et al) 
  

 



Nomogram, 2014 (Bischof) 
 J Gastrointest Surg 2014;18:2123 

 

• Nomogram superior to NIH, mNIH and MSKCC 

C-index (0.77 vs 0.73, 0.71, 0,71) 

 

• Similar to AFIP (0.78) 



Summary of 

Risk-stratification models for GIST 

Categorical Continuous, non-linear 

NIH-Fletcher  ’02 

MI, size 
MSKCC nomogram, ’09 
MI (cat), size, site 

NIH-Miettinen ’02 
MI, size, site 

Italian nomogram ’11 
MI, size, site, age 

AFIP ‘06 
MI, size, site 

Joensuu heat map  ’12 
MI, size, site, rupture 

mNIH ‘08 (Joensuu) 
MI, size, site, rupture 

Bishof nomogram ’14 
MI (cat), size (cat), site, sex 

AJCC, TNM ‘10  
MI, size, site, metastases 

* Cat = categorical 



Comparison between Risk-

stratification models 
 

 



 

Goh et al. Ann Surg Oncol 2008  
  

 



 

 

• 171 patients with resected GIST, without adjuvant 

imatinib 

• To validate and compare the NIH, AFIP, Hwang 

modified NIH 

• AFIP > Hwang modified NIH > NIH 

• Proposed modified AFIP the most accurate 

 

 

 

 

 

 

 

Goh et al. Ann Surg Oncol 2008  
  

 



 



 

 

Chok et al. Ann Surg Oncol 2015 



 

Chok et al. Ann Surg Oncol 2015 

• 289 patients with resected GIST, without adjuvant 

imatinib 

• To validate the MSKCC nomogram 

• To compare the predictive accuracy of the GIST 

nomogram versus current established 

classification systems (NIH, mNIH and AFIP) 

• Median FU 61 months 

 

 

 

 



RFS of GIST 
2-yr RFS was 77.2% (95%CI: 71.6-81.8) 

 5-yr RFS was 67.9% (95%CI: 61.7-73.4) 



Results 
 

• All 4 systems: NIH, AFIP, mNIH (Joensuu) criteria and 

MSKCC were useful in stratifying patients according to risk 

of recurrence  

• MSKCC nomogram was significantly more accurate than the 

NIH and Joensuu criteria 

• Difference between the MSKCC nomogram and AFIP was 

not significant 

 



 Receiver operating characteristic (ROC) curve analysis of the risk 

of GIST recurrence during the first 5 years 



Limitations 

 
• The predictive ability of the nomogram - dependent on 

the proportion of high/low risk tumors in a particular 

study cohort.  

• MSKCC nomogram - overestimated the probability of 

recurrence especially for low risk tumors  

• Hence, it performance tended to be poorer in study 

cohorts with a high proportion of low risk tumors 

   

 



Selected studies comparing the accuracy of 

the various staging systems   

Author, yr N NIH AFIP mNIH MSKCC Remarks 

Gold ‘09 127 

212 

148 

0.72 

0.70 

0.74 

 

0.76 

0.73 

0.76 

 

Nil 

0.78 

0.76 

0.80 

 

3 cohorts 

Rossi ‘11 

 

526 0.64 0.73 Nil Nil Nomo 

0.72 

Joensuu ‘12 2560 0.79 0.82 0.78 - Contour 

map 0.88 

Bishof ‘14 365 0.73 0.78 0.71 0.71 Nomo 

0.77 

Yanagimoto 

’15 

712 0.74 0.80 0.74 Nil AJCC 

0.83 

JNIH 0.66 

Chok ‘15 

 

289 0.80 0.85 0.77 0.87 Asian 

population 



Discussion 

 
• Risk stratification models: categorical vs continuous 

• Remains uncertain which risk-stratification model is 

superior 

• In general, systems which are derived from a 

continuous, non linear model probably more accurate 

    - more individualized 

    - less user friendly 

• Variables to include: mitotic count, size, site, rupture, 

sex, age 

   

 



Future 

 
• Current prognostication systems may be improved with 

incorporation of additional variables 

• Kit mutational status 

• Genomic-based methods – CINSARC, AURKA 

expression, Genomic index 

• Inflammatory markers – CRP, NLR, PLR 

   

 



 



Conclusions 

 

• Still uncertain which risk-stratification system is superior 

• Established prognostic factors – size, mitotic index, site 

• Models that address the continuous and non-linear 

nature of the prognostic variables for GIST – more 

accurate than models that categorise these variables 

• These models are more likely to produce the most 

precise individualized risk estimation for GIST 

• mNIH system (Joensuu) produces a single high-risk 

group – useful for selection for adjuvant therapy 
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