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TODAY AND TOMORROW:
THE USE OF BIOMARKERS IN
INFLAMMATORY BOWEL DISEASE
Introduction
	���>À�iÀÃ�«�>Þ���«�ÀÌ>�Ì�À��iÃ����V����V>��V>Ài�v�À�
«i�«�i�Ü�Ì����y>��>Ì�ÀÞ�L�Üi��`�Ãi>ÃiÃ��	�®�(Box 1). 
	���>À�iÀÃ�>Ài�>�Ã��Vi�ÌÀ>��Ì��Ì�i�`iÛi��«�i�Ì��v��iÜ�
therapies and as endpoints in their evaluation.

/�i�ÀiV���i�`>Ì���Ã�vÀ���Ì�i�-/,������ÃÌÕ`Þ�i�«�>Ã�âi�
Ì�i�Vi�ÌÀ>��À��i��v�V����V>����`�ViÃ�>�`�L���>À�iÀÃ�ÃÕV��>Ã�
viV>��V>�«À�ÌiVÌ����
®�>�`�
�Ài>VÌ�Ûi�«À�Ìi���
,*®����Ì�i�
�>�>}i�i�Ì��v�
À���½Ã�`�Ãi>Ãi�
�®�>�`�Õ�ViÀ>Ì�Ûi�V���Ì�Ã�
1
®°£

/��Ã�ÀiÛ�iÜ�Ü����v�VÕÃ����Ì�i�iÃÌ>L��Ã�i`�À��iÃ�v�À��
�>�`�
,*]�
i�iÀ}��}�À��iÃ�v�À�>�ÌiÀ�>Ì�Ûi�>�`�V��«�Ã�Ìi�L���>À�iÀÃ]�
����Ì>Ì���Ã��v�VÕÀÀi�Ì�L���>À�iÀÃ]�>�`�Õ��iÌ��ii`Ã����Ì�i�
wi�`°�/��Ã��Ã�>��iÛ��Û��}�>Ài>]�Ü�Ì��ÀiVi�Ì�V����V>��«À>VÌ�Vi�
guidelines from the American Gastroenterological Association 
���1
°Ó����>``�Ì���]�Õ«`>ÌiÃ�>Ài�iÝ«iVÌi`�vÀ���Ì�i�ÕÀ�«i>��

À���½Ã�>�`�
���Ì�Ã�"À}>��Ã>Ì�������Ì�i�À��Õ�Ì��Ã�V�iÌÞ�
}Õ�`i���i�v�À��	������Ì�À��}°

Established roles for biomarkers
/�iÀi�>Ài�ÃiÛiÀ>��À��iÃ�v�À�L���>À�iÀÃ����V����V>��V>Ài�
v�À��	����V�Õ`��}�`�>}��Ã�Ã]�>ÃÃiÃÃ��}�`�Ãi>Ãi�>VÌ�Û�ÌÞ]�
monitoring therapeutic response, predicting disease 
ÀiVÕÀÀi�Vi]�>�`��ÕV�Ã>���i>���}°�/�i�LiÃÌ�iÃÌ>L��Ã�i`�
L���>À�iÀÃ�>Ài��
�>�`�
,*°

(GECN�ECNRTQVGEVKP�s�VJG�EQTPGTUVQPG�KPƃCOOCVQT[�
DQYGN�FKUGCUG�DKQOCTMGT
�
��Ã�Ì�i�V�À�iÀÃÌ��i�L���>À�iÀ�����	��Box 2®°�

>�«À�ÌiVÌ����Ã�>�Ã��ÕL�i�VÞÌ�Ã���V�V>�V�Õ���>�`�â��V�
binding protein, which is produced mainly by neutrophils 
>�`�}À>�Õ��VÞÌiÃ�>Ì�Ã�ÌiÃ��v���y>��>Ì���]�>�`�Ì��>��iÃÃiÀ�
iÝÌi�Ì�LÞ�����VÞÌiÃ]��>VÀ�«�>}iÃ]�>�`�i«�Ì�i��>��Vi��Ã°

�
�V>��Li�ÕÃi`�`ÕÀ��}�`�>}��Ã�Ã�Ì���i�«�`�ÃÌ��}Õ�Ã��
������y>��>Ì�ÀÞ�V��`�Ì���Ã�vÀ����	�����«>Ì�i�ÌÃ�Ü�Ì��
}>ÃÌÀ���ÌiÃÌ��>����®�ÃÞ�«Ì��Ã°�,i«i>Ìi`��
�ÌiÃÌ��}��Ã���Ài�
accurate in identifying patients who warrant endoscopic 
evaluation compared to a single measurement.3��
�V>��>�Ã��
be used to assess and monitor disease activity and response 
Ì��Ì�iÀ>«Þ]�>�`�Ì��«Ài`�VÌ�Ài�>«Ãi�>�`�«�ÃÌ��«iÀ>Ì�Ûi�
recurrence.{��
��>Þ�>�Ã���>Ûi�>�À��i����À�Ã��ÃÌÀ>Ì�vÞ��}�
«>Ì�i�ÌÃ�Ü���`����Ì��>Ûi�i>À�Þ�«�ÃÌ��«iÀ>Ì�Ûi�ÀiVÕÀÀi�Vi�
���Ì�i�À����Ì�>��V�����ÃV�«Þ°�*>Ì�i�ÌÃ�Ü�Ì��>`Û>�Vi`�«�ÃÌ�
�«iÀ>Ì�Ûi�ÀiVÕÀÀi�Vi�,ÕÌ}iiÀÌÃ��ÎÉ�{®�ÜiÀi��`i�Ì�wi`�LÞ�ÌÜ��
V��ÃiVÕÌ�Ûi��
�Û>�ÕiÃ��Óxä�ù}É}]�>Ì�{����Ì����ÌiÀÛ>�Ã��ÛiÀ�
>�Ó�Þi>À�«iÀ��`]�Ü�Ì��£ää�¯�Ãi�Ã�Ì�Û�ÌÞ�>�`�Èä¯�Ã«iV�wV�ÌÞ°�
��ÜiÛiÀ]�Óx¯��v�«>Ì�i�ÌÃ�Ü�Ì���
�Û>�ÕiÃ��Óxä�ù}É}�
ÜiÀi�v�Õ�`�Ì���>Ûi�,ÕÌ}iiÀÌÃ��Ó�ÀiVÕÀÀi�Vi�>Ì�Ì�i�i�`�
of the study period, demonstrating the limitations of this 
L���>À�iÀ°x

�
��Ã�>�ÕÃivÕ���>À�iÀ����1
�>�`����
��Ài}>À`�iÃÃ��v�`�Ãi>Ãi�
��V>Ì���]���V�Õ`��}�Ã�>���L�Üi��
�]�Ì��Õ}���Ì��>Þ�Li��iÃÃ�
useful in isolated proctitis.Ó]È��
�V>��>�Ã��Li�>�ÕÃivÕ���>À�iÀ�
in patients with pouchitis, perianal disease, and potentially 
in patients with an ostomy.{�"ÛiÀ>��]��
��i>ÃÕÀi�i�Ì�V>��
help to inform the timing and choice of disease assessment 
by endoscopy and/or by imaging, and potentially avoid 
unnecessary colonoscopy/sigmoidoscopy in some patients.

�iÞ�����Ì>Ì���Ã����V����V>��«À>VÌ�Vi�>Ài�«>Ì�i�Ì�>`�iÀi�Vi�
with monitoring, equitable access to assays without 
additional costs to patients, and timely availability of 
results that integrate with electronic patient records. There 
>Ài�>�Ã���Õ�iÀ�ÕÃ����>�`��������v>VÌ�ÀÃ�Ì�>Ì�V>����«>VÌ�
results (Box 2).

��ÃÌ��>�Õv>VÌÕÀiÀÃ�ÀiV���i�`�>���
�Ì�ÀiÃ���`��v�
xä��}É}�Ì��`iw�i���À�>��>�`�>L��À�>��Û>�ÕiÃ]�>�Ì��Õ}�]����
practice, the cutoff value depends on the desired outcome. 
Suggested threshold values are described in Box 2.

Practical recommendations for optimal collection, 
storage, and analysis of stools were proposed in a recent 
international consensus, in particular7: 

%� �Ç�`>ÞÃ�>�`��`i>��Þ�ćÎ�`>ÞÃ�ÃÌ����ÃÌ�À>}i�>Ì�À����
temperature prior to analysis, 

%� ������µÕ�`�ÃÌ���Ã�«À�Û�`i���Ài�«ÀiV�Ãi�
measurements, 

%� `�ÃV��Ì��Õ>Ì�����v�����ÃÌiÀ��`>��>�Ì����y>��>Ì�ÀÞ�
`ÀÕ}Ã� -Ƃ��®Ã�v�À�ĈÓ�Üii�Ã�Liv�Ài��i>ÃÕÀi�i�Ì°�

Patients should be given written information on how to 
collect a stool sample, when and how to submit it, and 
�`i>��Þ�>�«Ài��>`i�ÌiÃÌ��}���Ì���ÃÌ�«À�Û��V�>���>L�À>Ì�ÀÞ�
ÃiÀÛ�ViÃ�«À�Û�`i�Ì��Ã���v�À�>Ì���®°�

�
��i>ÃÕÀi�i�Ì�V>��>�Ã��Li�«iÀv�À�i`�>Ã�>�«���Ì��v�
care test or by the patient at home. There are several 
V���iÀV�>��Þ�>Û>��>L�i����i�ÌiÃÌ��}���ÌÃ°�/�iÃi���ÌÃ�ÕÃi�
>��>ÌiÀ>��y�Ü�L>Ãi`�ÌiÃÌ��}��iÌ��`�À>Ì�iÀ�Ì�>����-Ƃ]�
along with software to allow mobile devices to read the 
measurement.n�/�i�Li�iwÌÃ��v����i��
�ÌiÃÌ��}���V�Õ`i�
a more rapid result and potentially earlier changes in 
�>�>}i�i�Ì��v�Ì�i�`�Ãi>Ãi°�*>Ì�i�ÌÃ�ÕÃ��}����i�L>Ãi`�
�
�ÌiÃÌ��}���ÌÃ��>`�>�Ã�}��wV>�Ì�Þ���}�iÀ�ÕÃi��v��i`�V>��
therapy than did those using standard care.����ÜiÛiÀ]�
>`�iÀi�Vi�Ì�����i�ÌiÃÌ��}����Ì��Ã�ÃÌÕ`Þ�Ü>Ã����Þ�Ó�¯]�
with lower adherence seen amongst male patients. 
�ÕÀÌ�iÀ��Ài]�Ì�i�>VVÕÀ>VÞ��v����i�L>Ãi`�ÌiÃÌ��}���ÌÃ�V>��
Û>ÀÞ�V��Ã�`iÀ>L�Þ�V��«>Ài`�Ì����-Ƃ�L>Ãi`�ÌiÃÌ��}���ÌÃ°�
��À���ÃÌ>�Vi]�Ü�i��V��«>À��}�Ì�Àii�V���iÀV�>����ÌÃ�Ü�Ì��
Ì�i��>L�À>Ì�ÀÞ�«iÀv�À�i`���-Ƃ��iÌ��`]�Ì�i�>}Àii�i�Ì�
Ü>Ã��ÛiÀ�Çx¯�v�À��
��i>ÃÕÀi�i�ÌÃ��xää�ù}É}°�/�i�À>Ìi��v�
>}Àii�i�Ì�LiÌÜii�����i���ÌÃ�>�`�Ì�i���-Ƃ��iÌ��`��>`�
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Ài`ÕVi`�Ì��£�qÎÇ¯�v�À��
��i>ÃÕÀi�i�ÌÃ��xää�ù}É}°�/�i�
type of mobile device used may also impact the reliability 
and accuracy of measurements.n These factors should be 
Ì>�i����Ì��V��Ã�`iÀ>Ì����Ü�i����ÌiÀ«ÀiÌ��}�ÀiÃÕ�ÌÃ��v����i�
L>Ãi`��
�ÌiÃÌ��}°�

%�TGCEVKXG�RTQVGKP

,*��Ã�«À�`ÕVi`�LÞ��i«>Ì�VÞÌiÃ�`ÕÀ��}�>��>VÕÌi�«�>Ãi�
ÀiÃ«��Ãi�>�`��>Ã�>��>�v���vi�>À�Õ�`�£����ÕÀÃÆ�Ì�iÀiv�Ài]��Ì�
changes more rapidly with changes in disease activity than 
Ì�>Ì��v�Ì�i��Ì�iÀ�ÃiÀÕ��L���>À�iÀÃ°£ä�
,*��Ã�ÕÃÕ>��Þ�i�iÛ>Ìi`�
���>VÌ�Ûi�
��>�`��iÃÃ�vÀiµÕi�Ì�Þ�i�iÛ>Ìi`����1
]�>«>ÀÌ�
vÀ���>VÕÌi�ÃiÛiÀi�1
�Ƃ-1
®°�Ƃ�Ì��Õ}��Ì�i�iÀÞÌ�À�VÞÌi�
Ãi`��i�Ì>Ì����À>Ìi�-,®��Ã�>�ÌiÀi`����L�Ì��
��>�`�1
]��Ì�
is less responsive to changes in activity, and is affected by 
ÃiÛiÀ>��«�ÞÃ����}�V>��v>VÌ�ÀÃ]�ÃÕV��>Ã�>}i]�ÃiÝ]�«Ài}�>�VÞ]�
�i��VÀ�Ì��iÛi�Ã]�>�`�iÀÞÌ�À�VÞÌi�Ã�âi°�1����i��
]�i�iÛ>Ìi`�

,*�Û>�ÕiÃ�>Ài���Ì�Ã«iV�wV�Ì�������y>��>Ì����>�`�V>��
Li�i�iÛ>Ìi`����>ÃÃ�V�>Ì����Ü�Ì��>�À�Ã��}�L�`Þ��>ÃÃ���`iÝ]�
Ì��Õ}���LiÃ�ÌÞ�>�Ã����VÀi>ÃiÃ�Ì�i�À�Ã���v�
��>�`�1
°££

	�Ì��
,*�>�`�-,��>V��Ã«iV�wV�ÌÞ�>�`�>VVÕÀ>VÞ����
`�>}��Ã�Ã]�Ì��Õ}��
,*��>Ã�>�ÕÃivÕ���i}>Ì�Ûi�«Ài`�VÌ�Ûi�
Û>�Õi����Ì�i�V��ÌiÝÌ��v��	�]�Ü�Ì��>�«À�L>L���ÌÞ�ć£¯����>�
�iÌ>�>�>�ÞÃ�Ã��v�£Ó�«À�Ã«iVÌ�Ûi�`�>}��ÃÌ�V�V���ÀÌ�ÃÌÕ`�iÃ°£Ó 

,*�Ã��ÜÃ�>Ì�LiÃÌ�>�Üi>��Ì����`iÀ>Ìi�V�ÀÀi�>Ì����Ü�Ì��
endoscopic disease activity, and is especially poor for 
ulcerative proctitis, and has a limited role in predicting 
À�Ã���v�Ài�>«Ãi°£Î]£{ Furthermore, the accuracy in predicting 
«�ÃÌ��«iÀ>Ì�Ûi�ÀiVÕÀÀi�Vi����
���Ã���Ü°£x�
,*��Ã���ÃÌ�
ÕÃivÕ��Ü�Ì��ÃiÛiÀi�`�Ãi>Ãi�>�`�«i�iÌÀ>Ì��}ÉwÃÌÕ��â��}�
complications, at baseline, and to monitor response to 
Ì�iÀ>«Þ°����Ƃ-1
]�
,*�}Õ�`iÃ�Ì�iÀ>«Þ�iÃV>�>Ì���°�/�i�
"Ýv�À`�
À�ÌiÀ�>���V�Õ`iÃ�
,*�>�`�ÃÌ����vÀiµÕi�VÞ�>�`�V>��
Li�ÕÃi`�Ì��«Ài`�VÌ�Ì�i�À>Ìi��v������Ã«�Ì>��V��iVÌ��Þ����
patients unresponsive to intravenous steroids, albeit with 
less accuracy since the introduction of rescue therapy.£È]£Ç

Ƃ�
,*�Û>�Õi��v��x��}É��Ü>Ã�ÕÃi`�>���}Ã�`i��
����Ì�i�

Ƃ���ÌÀ�>��>Ã�>�ÌÀi>Ì�i�Ì�Ì>À}iÌ����
��Ì���«Ì���âi�
adalimumab or combination therapy to achieve tight 
`�Ãi>Ãi�V��ÌÀ��]�Ü�Ì��`ii«�Ài��ÃÃ��������i`�Ì��LiÌÌiÀ�
�i`�Õ��ÌiÀ��«>Ì�i�Ì��ÕÌV��iÃ°£n]£� This treatment 
ÃÌÀ>Ìi}Þ�Ü>Ã�>�Ã��Ã��Ü��Ì��Li�V�ÃÌ�ivviVÌ�Ûi����
>�>`>°Óä 
��ÃÌ�`iV�Ã���Ã�Ì��iÃV>�>Ìi�Ì�iÀ>«Þ����Ì�i�
Ƃ���ÌÀ�>��ÜiÀi�
`À�Ûi��LÞ�L���>À�iÀÃ�À>Ì�iÀ�Ì�>��V����V>��>ÃÃiÃÃ�i�Ì]�
«>ÀÌ�VÕ�>À�Þ�LÞ��
�Û>�ÕiÃ�ĈÓxä��}É}�>Ì�Üii�Ã�£Ó�>�`�Ó{�
À>Ì�iÀ�Ì�>��LÞ�
,*��À��
³
,*�V��L��>Ì����Ì�iÀ>«Þ°Ó£����
Ì�i�-/Ƃ,�1-/�ÌÀ�>�]�L���>À�iÀ�Ì>À}iÌÃ��v��
�ćÓxä��}É}�
>�`�
,*�ć£ä�}É��ÜiÀi�ÕÃi`�Ì���«Ì���âi�ÕÃÌi���Õ�>L�
`�Ã��}����
�°ÓÓ�"��Þ�Îä¯��v�«>Ì�i�ÌÃ�>V��iÛi`�L���>À�iÀ�
Ì>À}iÌÃ�v�À��
�>�`�
,*]�`iÃ«�Ìi�Çn¯��v�«>Ì�i�ÌÃ�>V��iÛ��}�
V����V>��Ài��ÃÃ����>�`��Îä¯�Ã��Ü��}�L���>À�iÀ�ÀiÃ«��Ãi]�
Ü�Ì�����Ã�}��wV>�Ì�Li�iwÌ��ÛiÀ�ÃÌ>�`>À`��v�V>Ài����
i�`�ÃV�«�V���«À�Ûi�i�Ì�>Ì�{n�Üii�Ã°

$QVVQO�NKPG�s�DKQOCTMGTU�ECPPQV�
[GV��TGRNCEG�
GPFQUEQR[
Ƃ�ÃÞÃÌi�>Ì�V�ÀiÛ�iÜ�>�`�iÝÌiÀ�>��Û>��`>Ì����ÃÌÕ`Þ�Ì�>Ì�
����i`�>Ì�������Û>Ã�Ûi���`i�Ã�Ì���`i�Ì�vÞ�«>Ì�i�ÌÃ�Ü�Ì��

i�`�ÃV�«�V�>VÌ�Û�ÌÞ��v�
��v�Õ�`�Ì�>Ì�Ç��v�ÓÇ��`i�Ì�wi`�
diagnostic models could predict endoscopic endpoints in 

�]�>�`�Ì�>Ì�{��v�Ì�iÃi���`i�Ã�Ã��Üi`�>�Li�iwÌ�Ã����>À�
Ì���
�>�`�
,*]�Ü��V��Ã��Üi`�«�Ã�Ì�Ûi�«Ài`�VÌ�Ûi�Û>�ÕiÃ�
�v�Ĉ�ä¯�v�À��ÕV�Ã>��`�Ãi>Ãi�>VÌ�Û�ÌÞ°ÓÎ���ÜiÛiÀ]����Þ�
Ì�i�1ÌÀiV�Ì�ƂVÌ�Û�ÌÞ���`iÝ�1Ƃ�®�>�`�/Ƃ��",�8���`i�Ã�
were able to reliably predict endoscopic healing, and 
£����x�«>Ì�i�ÌÃ�ÜiÀi���ÃV�>ÃÃ�wi`�ÕÃ��}��
�VÕÌ��vv�Û>�ÕiÃ�
�v��£ää�>�`�ĈÓxä��}É}°ÓÎ]Ó{���i�V�����ÃV�«Þ�Ài�>��Ã�
Ì�i�}��`�ÃÌ>�`>À`�Ì��iÛ>�Õ>Ìi�`�Ãi>Ãi�>VÌ�Û�ÌÞ����>`Õ�ÌÃ�
Ü�Ì��
�°��
��>Ã�ÕÌ���ÌÞ����1
]�>�Ì��Õ}��L���>À�iÀÃ��>Þ�
Li�ÃÕL�«Ì��>�����V��wÀ���}�i�`�ÃV�«�V��i>���}�>�`�
iÛ>�Õ>Ì��}����`�ÃÞ�«Ì��ÃÆ�vÕÀÌ�iÀ��Ài]��Ì��Ã���Ì����Ü��
Ü�iÌ�iÀ�>�L���>À�iÀ��À�i�`�ÃV�«�V�ÃÌÀ>Ìi}Þ��Ã�ÃÕ«iÀ��À�
v�À����}�ÌiÀ������Ì�À��}°Ó����>``�Ì���]�L���>À�iÀÃ��>Ûi�
���À��i����`iÌiVÌ��}�`ÞÃ«�>Ã�>]�ÃÕÀÛi���>�Vi]��À�iÝV�Õ`��}�
cytomegalovirus colitis and infection, which require 
endoscopy and/or microbiological evaluation.Ó

Emerging biomarkers and novel roles
�iÃ«�Ìi�>`Û>�ViÃ����Ì�iÀ>«iÕÌ�VÃ]�Ì�iÀi�Ài�>��Ã�>�`�ÃÌ��VÌ�
gap between our treatment goals and actual results. 
	���>À�iÀÃ�Ì�>Ì�«iÀv�À��LiÞ��`�Ì�i�iÃÌ>L��Ã�i`�À��iÃ����
diagnosis and disease activity monitoring are essential 
���LÀ�`}��}�Ì�>Ì�}>«°�ƂÀi>Ã�Ü�iÀi�L���>À�iÀÃ��>Þ�Li�
particularly important include the prediction of disease 
course, disease phenotype, and the choice of advanced 
therapy.

%QORQUKVG�DKQOCTMGTU
There is interest in developing and integrating different 
L���>À�iÀÃ���Ì��>�Ã��}�i�Ài>`�ÕÌ�Ì��LiÌÌiÀ�«Ài`�VÌ�
i�`�ÃV�«�V��i>���}�>�`�Ì��}Õ�`i�`iV�Ã�����>���}����
research and clinical practice.Óx��À>}����iÌ�>�°�ÀiÛ�iÜi`�
Ì�i�ÕÃi��v�«>�i�Ã��v�L���`]�viV>��L���>À�iÀÃ]�>�`�`ÀÕ}�
�iÛi�Ã]�Ì�>Ì��>Ûi�Ì�i�«�Ìi�Ì�>��Ì��Ài«�>Vi�Ã��}�i�L���>À�iÀ�
approaches in the future.ÓÈ This approach may be 
«>ÀÌ�VÕ�>À�Þ��i�«vÕ��Ì��Ài`ÕVi�Ì�i�>�L�}Õ�ÕÃ�º}ÀiÞ�â��i»�
>ÃÃ�V�>Ìi`�Ü�Ì��L���>À�iÀ�Ài>`�ÕÌÃ°£ä

	iÌÌiÀ�ÕÌ���â>Ì�����v�Ài>`��Þ�>Û>��>L�i�L���>À�iÀÃ��Ã�
��i�«�Ìi�Ì�>��ÃÌÀ>Ìi}Þ°�/�i�
Ƃ���ÌÀ�>��Ã��Üi`�Ì�>Ì�
�i>ÃÕÀi�i�ÌÃ��v��
�>�`�
,*�Ì�}iÌ�iÀ�ÜiÀi�ÃÕ«iÀ��À�
Ì���
�>���i����
�]�Ì��Õ}��Ì�i��>��À�ÌÞ��v�ÌÀi>Ì�i�Ì�
iÃV>�>Ì���Ã�ÜiÀi�`À�Ûi��LÞ��
°£n�/�i�1Ƃ����V�Õ`i`�«�>Ìi�iÌ�
V�Õ�Ì�>�`��i>��V�À«ÕÃVÕ�>À�Û��Õ�i�>���}Ã�`i��
]�
,*]�
>�`�ÃÌ����vÀiµÕi�VÞ]�>�Ì��Õ}���Ì��>Þ��vviÀ�����Ìi`�Li�iwÌ�
LiÞ��`��
�>�`É�À�
,*°ÓÎ]Ó{����«i`�>ÌÀ�V�
�]�Ì�i�V��«�Ã�Ìi�
�ÕV�Ã>����y>��>Ì���� ����Û>Ã�Ûi���`iÝ��� �®�ÃV�Ài�
V��«À�Ã��}��
]�-,]�
,*�>�`�«i`�>ÌÀ�V�
��>VÌ�Û�ÌÞ���`iÝ®�
can predict mucosal healing in lieu of ileocolonoscopy 
and/or magnetic resonance enterography.ÓÇ The added 
Li�iwÌ��ÛiÀ��
�>���i�Ü>Ã�«>ÀÌ�VÕ�>À�Þ�Ãii��v�À��
�
V��Vi�ÌÀ>Ì���Ã�£ääqx����}É}°�/�i�*�ÀÌÕ}ÕiÃi���,
/�
ÃÌÕ`Þ�`iÀ�Ûi`�À�Ã���>ÌÀ�ViÃ�Ì��«Ài`�VÌ�
��«À�}ÀiÃÃ���]�
V��«À�Ã��}�Ì�i�`i}Àii��v�i�iÛ>Ì��������
�>�`�
,*�>�`�
the presence and persistence of anemia across single or 
multiple visits.Ón�Ƃ��Ì�iÀ�iÝ>�«�i��v�«�Ìi�Ì�>��V��«�Ã�Ìi�
L���>À�iÀÃ��Ã�>�V��L��>Ì�����v�>�viV>�����Õ��V�i��V>��
ÌiÃÌ���/®�>�`��
]�Ü��V��ÜiÀi�ÃÕ«iÀ��À�Ì��«Ài`�VÌ�V����V>��
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Ài�>«Ãi��ÛiÀ�£Ó����Ì�Ã����1
�>�`���}�Ì��>Ûi�Ì�i�>L���ÌÞ�Ì��
better predict endoscopic healing.Ó�

2WVCVKXG�CPF�HWVWTG�DKQOCTMGTU
/�i�«ÕÀÃÕ�Ì��v�>���`i>��L���>À�iÀ�V��Ì��ÕiÃ]�Ü�Ì���>�Þ�
V>�`�`>ÌiÃ�ÃÌÕ`�i`���V�Õ`��}�viV>��>�`�Ì�ÃÃÕi��>À�iÀÃ��v�
��ÌiÃÌ��>����y>��>Ì���]�viV>��Û��>Ì��i��À}>��V��iÌ>L���ÌiÃ]�
and urinary prostaglandins.Îä]Î£ Serum/plasma assays for 
i«�}i�iÌ�V�L���>À�iÀÃ]�iÃ«iV�>��Þ���VÀ�, ƂÃ]�}�ÞV�«À�Ìi���
L���>À�iÀÃ]�>�`��iÕV��i�À�V��>�«�>�Ó�}�ÞV�«À�Ìi��]�
amongst others, are under review.£ä]£x]ÎÓ

�>VÌ�viÀÀ���>�`�V>�}À>�Õ����
�-£ääƂ£Ó®�>Ài�viV>��
L���>À�iÀÃ�Ã����>À�Ì���
°�/�iÞ��>Ûi���Ì�`i���ÃÌÀ>Ìi`�
>``�Ì���>��ÕÌ���ÌÞ]�Ã�>Ài�Ã����>À�����Ì>Ì���Ã�>Ã��
�>�`�>Ài���Ì�
ÌÞ«�V>��Þ�ÕÃi`����«À>VÌ�Vi°����1
]���/��>Ã�>���}��«�Ã�Ì�Ûi�
���i�����`�À>Ì���>�`���`iÀ>Ìi��i}>Ì�Ûi����i�����`�À>Ì���
for predicting endoscopic healing.33����>``�Ì���]���/��Ã�
�iÃÃ�>VVÕÀ>Ìi�Ì�>���
�>�Ì��Õ}���Ì��>Þ�Li�iµÕ�Û>�i�Ì����
predicting endoscopic disease activity, and agnostic for 
`�Ãi>Ãi�iÝÌi�Ì°Ó�]Î{

"Ì�iÀ�«�Ìi�Ì�>��L���>À�iÀÃ���V�Õ`i�Ü�`i�Þ�>Û>��>L�i�
laboratory results which could be seamlessly integrated 
��Ì��V����V>��«À>VÌ�Vi°���À���ÃÌ>�Vi]�Ì�i�«�>Ìi�iÌ�Ì��
�Þ�«��VÞÌi�À>Ì�����`iÝ�Ã��Üi`�>��>Ài>�Õ�`iÀ�Ì�i�VÕÀÛi�
Ƃ1
®��v�ä°nÇqä°�£�v�À���`iÀ>ÌiÉÃiÛiÀi�>VÌ�Û�ÌÞ�>�`�>��
Ƃ1
��v�ä°Ç{�v�À��ÕV�Ã>���i>���}�����Ã��>Ìi`�Ã�>���L�Üi��

��>}>��ÃÌ�V>«ÃÕ�i�i�`�ÃV�«Þ]�Ü��V��Ü>Ã�ÃÕ«iÀ��À�
Ì���
�>�`�
,*°Îx� iÕÌÀ�«����Ì���Þ�«��VÞÌi�À>Ì���>�Ã��
Ã��ÜÃ�«À���Ãi�>Ã�>�L���>À�iÀ��v�i�`�ÃV�«�V�>VÌ�Û�ÌÞ�>�`�
response to biologic therapy.ÎÈ

5WUEGRVKDKNKV[��FKCIPQUKU�CPF�RTGFKEVKPI�FKUGCUG�EQWTUG
Genetic susceptibility plays an important role in the 
FGXGNQROGPV�QH�+$&��YKVJ�QXGT�����TKUM�CNNGNGU�KFGPVKƂGF�37 
The NOD-2 gene is recognized as a major susceptibility 
gene, and over 50 genes have been associated with very 
early onset IBD.38,39 

���ÌiÀ�Ã��v�«Ài`�VÌ��}�Ì�i�`iÛi��«�i�Ì��v��	�]�ÃiÀ���}�V>��
�>À�iÀÃ�ÃÕV��>Ã�>ÌÞ«�V>��«iÀ��ÕV�i>À�>�Ì���iÕÌÀ�«����
VÞÌ�«�>Ã��V�>�Ì�L�`�iÃ�«Ƃ 
Ƃ®�>�`�>�Ì��->VV�>À��ÞViÃ�
ViÀiÛ�Ã�>i�>�Ì�L�`�iÃ�Ƃ-
Ƃ®��>Þ��>Ûi�>�À��i°�Ƃ�ÃÌÕ`Þ��v�
�ÃÀ>i�������Ì>ÀÞ�ÀiVÀÕ�ÌÃ�`iÌiVÌi`�Ƃ-
Ƃ����>««À�Ý��>Ìi�Þ�Îä¯�
�v�«>Ì�i�ÌÃ�Liv�Ài�Ì�i�V����V>��`�>}��Ã�Ã��v�
��Ü�Ì��>��i>��
��ÌiÀÛ>��LiÌÜii��`iÌiVÌ����>�`�`�>}��Ã�Ã��v�În����Ì�Ã°����
>``�Ì���]�«Ƃ 
Ƃ�Ü>Ã�v�Õ�`����Óx¯��v�«>Ì�i�ÌÃ�ÃÕLÃiµÕi�Ì�Þ�
`�>}��Ãi`�Ü�Ì��1
°{ä The cohort in this study was small, 
therefore conclusions should be limited accordingly. 

��Ài�ÀiVi�Ì�Þ]�>�Ì��ĮvȕÈ�>ÕÌ�>�Ì�L�`�iÃ�ÜiÀi�v�Õ�`�Ì��
Li�Ã�}��wV>�Ì�Þ���}�iÀ�>���}ÃÌ�«>Ì�i�ÌÃ�ÃÕLÃiµÕi�Ì�Þ�
`�>}��Ãi`�Ü�Ì��1
�V��«>Ài`�Ü�Ì���i>�Ì�Þ�V��ÌÀ��Ã°�/�iÃi�
>ÕÌ�>�Ì�L�`�iÃ�ÜiÀi�`iÌiVÌi`�Õ«�Ì��£ä�Þi>ÀÃ�Liv�Ài�
diagnosis and were associated with worse outcomes such as 
��Ã«�Ì>��â>Ì���]�V��iVÌ��Þ]�>�`��ii`�v�À�L����}�V�Ì�iÀ>«Þ°{£ 

-iÛiÀ>��ÃiÀ���}�V>���>À�iÀÃ��>Ûi�Lii���`i�Ì�wi`�����	��
«>Ì�i�ÌÃ�>�`�iÛ>�Õ>Ìi`����`�ÃÌ��}Õ�Ã���}�1
�vÀ���
�°���ÃÌ�

��Ì>L�Þ]�«Ƃ 
Ƃ�>�`�Ƃ-
Ƃ��>Ûi�Lii��ÃÌÕ`�i`°{Ó Atypical 
«Ƃ 
Ƃ��Ã�v�Õ�`��>���Þ����1
�xä�ÈÇ¯®�>�`�Ì��>��iÃÃiÀ�
iÝÌi�Ì����
�°���ÜiÛiÀ]�«Ƃ 
ƂÃ�>Ài�>�Ã��«ÀiÃi�Ì�����Ì�iÀ�
��y>��>Ì�ÀÞ�V��`�Ì���Ã�ÃÕV��>Ã�>ÕÌ����Õ�i��i«>Ì�Ì�Ã�>�`�
«À��>ÀÞ�ÃV�iÀ�Ã��}�V���>�}�Ì�Ã°�Ƃ-
ƂÃ�>Ài�ÌÞ«�V>��Þ���Ài�
V���������
��{ä�Èä¯®�>�Ì��Õ}����Ì�iÝV�ÕÃ�Ûi�Ì��
�]�
�>Û��}�Lii��`iÌiVÌi`����1
�>�`�`�Ãi>Ãi�V��ÌÀ��Ã°�

/�i�«iÀv�À�>�Vi��v�Ì�iÃi�ÃiÀ���}�V>���>À�iÀÃ���«À�ÛiÃ�
when used in combination. The pattern associated with 

���Ã�Ƃ-
Ƃ³ÉƂ 
Ƃ�]�>�`�v�À�1
��Ã�Ƃ-
Ƃ�ÉƂ 
Ƃ³°�
7�i��ÕÃi`����Ì��Ã��>��iÀ]�Ƃ-
Ƃ�>�`�«Ƃ 
Ƃ�>vviVÌ�Ì�i�
«�ÃÌ�ÌiÃÌ�«À�L>L���ÌÞ��v��>Û��}�
���À�1
°�/�i�«�Ã�Ì�Ûi�
���i�����`�À>Ì����v�Ƃ-
Ƃ³ÉƂ 
Ƃ��À>�}iÃ�vÀ���È°Îq££]�>�`�
Ì�>Ì�v�À�Ƃ-
Ƃ�ÉƂ 
Ƃ³�À>�}iÃ�vÀ���Ó°�qÓÓ�>VÀ�ÃÃ�Û>À��ÕÃ�
studies.{Î�{Ç�Ƃ����«�ÀÌ>�Ì�V>Ûi>Ì��Ã�Ì�>Ì�«Ƃ 
ƂÃ�>Ài�
vÀiµÕi�Ì�Þ�`iÌiVÌi`����V�����V�
��>Ã����1
]�Ì�ÕÃ�����Ì��}��ÌÃ�
ÕÌ���ÌÞ�>Ã�>�Ã«iV�wV��>À�iÀ�v�À�
�����Ì�i�ÃVi�>À������Ü��V��
ÃÕV��>��>À�iÀ�Ü�Õ�`�Li���ÃÌ�ÕÃivÕ�°{n 

«Ƃ 
ƂÃ�`����Ì�`�ÃÌ��}Õ�Ã���À�«Ài`�VÌ�`�Ãi>Ãi���V>Ì�����À�
phenotype.{x���ÜiÛiÀ]�Ƃ-
Ƃ��>Ã�Lii��>ÃÃ�V�>Ìi`�Ü�Ì��
>���Ài�V��«�iÝ�
��«�i��ÌÞ«i�>�`�Ü�Ì��Ã�>���L�Üi��
involvement.{Î]{�]xä����>�«i`�>ÌÀ�V�V���ÀÌ]�ÃiÀ�«�Ã�Ì�Û�ÌÞ�
Ì��>�Ì��
L�À£�y>}i����®]�>�Ì���ÕÌiÀ��i�LÀ>�i�«À�Ìi���
]�
Ƃ-
Ƃ]�>�`�«Ƃ 
Ƃ�Ü>Ã�>ÃÃ�V�>Ìi`�Ü�Ì��>�V��«�iÝ�
penetrating/stricturing phenotype, and the need for 
ÃÕÀ}iÀÞ�Ü���i���}�iÀ�>�Ì�L�`Þ�ÃÕ�]�>Ã�>��>À�iÀ��v����Õ�i�
reactivity, was associated with rapid disease progression.x£ 

Personalized medicine 
Ƃ��iÞ�Õ��iÌ��ii`�����	���Ã�Ì�i�>L���ÌÞ�Ì��Ài��>L�Þ�«Ài`�VÌ�
`�Ãi>Ãi�V�ÕÀÃi�>Ì�`�>}��Ã�Ã]�>�`�Ì�i�ÃiÀ���}�V>���>À�iÀÃ�
above demonstrate the ongoing interest in this goal. 
Ƃ��Ì�iÀ�}>«�������Ü�i`}i��Ã�Ì�i�>L���ÌÞ�Ì��«Ài`�VÌ�
ÀiÃ«��Ãi�Ì��Ã«iV�wV�Ì�iÀ>«�iÃ°�*ÀiV�Ã�����i`�V��i��Ã�>��
i�ÕÃ�Ûi�}�>������	��}�Ûi��Ì�i�V��«�iÝ�ÌÞ��v�Ì�i�V��`�Ì���°�
7�Ì��ÀiÃ«iVÌ�Ì��«Ài`�VÌ��}�ÀiÃ«��Ãi�Ì��iÝ�ÃÌ��}�Ì�iÀ>«�iÃ]�
there have been some promising steps in recent years.

/�i�*,"����*,i`�VÌ��}�"ÕÌV��iÃ���À�
À���½Ã�`�Ãi>Ãi�
ÕÃ��}�>����iVÕ�>À�L���>À�À®�ÃÌÕ`Þ��Ã�Ì�i�wÀÃÌ�L���>À�iÀ�
ÃÌÀ>Ì�wi`�ÌÀ�>������	��>�`��>Ã�ÀiVi�Ì�Þ�V��«�iÌi`�v����Ü�Õ«�
Ì��Üii��{n°xÓ�*,"����ÀiVÀÕ�Ìi`�Î�ä�>`Õ�ÌÃ����Ì�i�1��Ü���
ÜiÀi�ÀiVi�Ì�Þ�`�>}��Ãi`�Ü�Ì��
���v�>Ì��i>ÃÌ���`iÀ>Ìi�
>VÌ�Û�ÌÞ]�>�`�ÜiÀi��>�Ûi�Ì�����Õ����`Õ�>Ì�À�>�`�>�Ì��/ ��
Ì�iÀ>«�iÃ°�*,"����ÕÌ���âiÃ�>�«iÀ�«�iÀ>��L���`�
�n³�/�Vi���
transcriptomic signature early after diagnosis to classify 
«>Ì�i�ÌÃ���Ì���	�hi�>�`��	�lo to predict disease course and 
À�Ã���v�V��«��V>Ì���Ã°�/�i�>�>�ÞÃ�Ã�Ü����>�Ã��V��«>Ài�Ì�i�
Ài�>Ì�Ûi�Li�iwÌ��v�ÌÀi>Ì�i�Ì�ÃÌÀ>Ìi}�iÃ����i>V��L���>À�iÀ�
ÃÕL}À�Õ«�Ì��`iÌiÀ���i��v�Ì��Ã�L���>À�iÀ�ÃÌÕ`Þ�V>���`i�Ì�vÞ�
the most appropriate therapy. 

��y>��>Ì�ÀÞ���`Õ�iÃ�>ÃÃ�V�>Ìi`�Ü�Ì��ÀiÃ«��Ãi�>�`�
ÀiÃ�ÃÌ>�Vi�Ì��>�Ì��/ ��Ì�iÀ>«Þ��>Ûi�Lii���`i�Ì�wi`°xÎ]x{ 
/�i�}�ÞV�«À�Ìi���£Îä�v>���Þ��v�VÞÌ����i�ÀiVi«Ì�ÀÃ�ÜiÀi�
v�Õ�`�Ì��Li�Õ«Ài}Õ�>Ìi`����«>Ì�i�ÌÃ�Ü�Ì��
��ÀivÀ>VÌ�ÀÞ�Ì��
>�Ì��/ ��Ì�iÀ>«Þ�>�`�Ài�>Ìi`�Ì��«>ÀÌ�VÕ�>À� "��Ó�}i�i�
variants.xx
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Several strategies have been proposed to predict response 
Ì��Ûi`���âÕ�>L]���V�Õ`��}����Õ��}��LÕ����}�ÞV�ÃÞ�>Ì���]�
�ÕV�Ã>��Û>ÃVÕ�>À�>``ÀiÃÃ���Vi���>`�iÃ�������iVÕ�i�£�
�>`
Ƃ�£®�����iÝ«ÀiÃÃ��������*�i�`�Ì�i��>��Vi��Ã]�>�`�
increased baseline colonic mucosal eosinophil counts.xÈ�xn 
	>ÌÌ>Ì�iÌ�>��v�Õ�`�>�ÌÀi�`�Ì�Ü>À`���Ài�À>«�`���VÀi>ÃiÃ����
Ã�Į{ȕÇ�V��Vi�ÌÀ>Ì���Ã����«>Ì�i�ÌÃ�ÌÀi>Ìi`�Ü�Ì��Ûi`���âÕ�>L�
who achieved clinical remission and endoscopic remission. 
-��>`
Ƃ��£�V��Vi�ÌÀ>Ì���Ã�`iV���i`���Ài�À>«�`�Þ����
Ì��Ã�}À�Õ«�V��«>Ài`�Ì������ÀiÃ«��`iÀÃ°x�����1
�«>Ì�i�ÌÃ]�
increased density of mucosal eosinophils was a negative 
«Ài`�VÌ�À��v�ÀiÃ«��Ãi�Ì��Ûi`���âÕ�>L°xn

��VÀ�L���i�`�ÛiÀÃ�ÌÞ�>�`���Ài�>LÕ�`>�Ì�«�«Õ�>Ì���Ã��v�
Burkholderiales species was associated with remission in 
«>Ì�i�ÌÃ�ÌÀi>Ìi`�Ü�Ì��Ûi`���âÕ�>L°Èä���VÀ�L�>��>�>�ÞÃ�Ã�
>�`�`iÛi��«�i�Ì��v�ÃiÀÕ��«À�w�iÃ�ÀiyiVÌ��}���VÀ�L�>��
`�ÛiÀÃ�ÌÞ��>Ûi�>�Ã��Lii��iÝ«��Ài`�>Ã�>�Ü>Þ�Ì���`i�Ì�vÞ�
«>Ì�i�ÌÃ���Ài����i�Þ�Ì��ÀiÃ«��`�Ì��>�Ì��VÞÌ����i�Ì�iÀ>«Þ�
À>Ì�iÀ�Ì�>��>�Ì����Ìi}À���Ì�iÀ>«Þ°È£/�iÃi�«À�w�iÃ��>Ûi�ÞiÌ�
Ì��Li�ÕÃi`����V����V>��«À>VÌ�Vi�LÕÌ���V�À«�À>Ì��}��Õ�Ì�����V�
data, clinical data, and microbial signatures with machine 
learning models may enhance our ability to accurately 
predict therapeutic response in the future. 

Conclusion
	���>À�iÀÃ�>Ài�>�VÀ�Ì�V>��V��«��i�Ì�Ì��>V��iÛ��}���}��
µÕ>��ÌÞ�V>Ài�v�À�«>Ì�i�ÌÃ�Ü�Ì���	�°�ÃÌ>L��Ã�i`�L���>À�iÀÃ�
complement more invasive assessments and act as useful 
}Õ�`iÃ�Ì��Ì�iÀ>«Þ°�
ÕÀÀi�Ì�Þ�>Û>��>L�i�L���>À�iÀÃ�ÃÕV��
>Ã��
�>�`�
,*�V�Õ�`�«�Ìi�Ì�>��Þ�Li�iÝ«���Ìi`���Ài�Ì��
�ÕÀ�>`Û>�Ì>}i�>Ã�V��«�Ã�Ìi�L���>À�iÀÃ�Ì�>Ì�V>����Ài�
accurately inform treatment goals such as endoscopic 
Ài��ÃÃ���°���ÜiÛiÀ]����Ì�i�À�«ÀiÃi�Ì�v�À�]�L���>À�iÀÃ�V>���Ì�
replace essential functions of endoscopic evaluation and 
fall short of predicting a response to a particular advanced 
Ì�iÀ>«Þ°�	���>À�iÀ�`iÛi��«�i�Ì��Ã���Ü�v�VÕÃ��}����
`�Ãi>Ãi�«Ài`�VÌ����>�`����ÃÌÀ>Ìi}�iÃ�Ì����`�Û�`Õ>��âi�Ì�iÀ>«Þ�
`iV�Ã���Ã°��ÕÌÕÀi�L���>À�iÀÃ�>Ài����i�Þ�Ì����V�À«�À>Ìi�`>Ì>�
from clinical, immunologic, and microbial sources to provide 
>���Ài��Õ>�Vi`�>««À�>V��Ì���	��Ì�iÀ>«Þ°
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čVV�À`��}�Ì��Ì�i�7�À�`��i>�Ì��"À}>��â>Ì���]�>�L���>À�iÀ��Ã�`iÃVÀ�Li`�>Ã�v����ÜÃ\�ºč���ÃÌ�>�Þ��i>ÃÕÀi�i�Ì�ÀiyiVÌ��}�>��
interaction between a biological system and a potential hazard, which may be chemical, physical, or biological. The measured 
response may be functional and physiological, biochemical at the cellular level, or a molecular interaction.”62

• May include molecular, histologic, radiographic, or physiologic characteristics

• Not a measure of how an individual feels, functions or survives

• Includes the categories of susceptibility/risk, diagnostic, monitoring, prognostic, predictive, response, and safety 
biomarkers

Thresholds:
%� FC <50 µg/g to distinguish between IBS and possible IBD, in settings in which patients with chronic GI symptoms 

are being evaluated, and a high negative predictive value is needed, though FC >250 µg/g can identify ~90% of new 
«>Ì�i�ÌÃ�Ü���ÜiÀi�V��wÀ�i`�Ì���>Ûi��	�

%� FC <100-250 µg/g as therapeutic target in CD63-66 
%� FC <150 µg/g as therapeutic target in UC2

Trends in an individual patient using the same quantitative assay and correlated with endoscopic assessment(s) are more 
important than an absolute binary cut-off. Exact cut-offs to distinguish between IBD and IBS or between active and inactive 
IBD do not exist in all scenarios.

Suggested frequency of assessments:
   Remission   Active/Treatment initiation
CD   6–12 monthly   3 monthly
   (not established for CD)

UC   6–12 monthly   3–6 monthly
� � � ÎqÈ����Ì��Þ��v��
��£xä�ï}É}®�

Concentration of FC can be affected by:
%� active IBD
%� inactive IBD with anastomotic ulceration attributable to surgery-related factors and local ischemia (Rutgeert’s score i2a)
%� «iÀ�>�>��`�Ãi>Ãi]�Õ«�Ì���
���£äää�ï}É}�����V�Õ`��}�`�ÃÌ��}Õ�Ã���}�«iÀ�>�>��
À���½Ã�>�`�VÀÞ«Ì�}�>�`Õ�>À�`�Ãi>Ãi�H�{ää�ÛÃ°�
H�xä�ï}É}®�>�`�«Ài`�VÌ��}�wÃÌÕ�>�«À�}��Ã�Ã67

%� medications:
o bowel preparation for colonoscopy, up to >1000 µg/g
o NSAIDs and aspirin, up to ~ 500 µg/g (including NSAID-induced enteropathy)
o proton pump inhibitors, up to 150 µg/g

%� �����	��V>ÕÃiÃ��v���ÌiÃÌ��>����y>��>Ì���\
o bacterial and viral GI infections, up to ~ 1000 µg/g
o microscopic colitis, up to ~ 500 µg/g
o radiation proctitis, up to ~ 250 µg/g

%� other GI factors:
o colonic diverticular disease, up to 60 µg/g
o V�����V�«��Þ«Ã���V�Õ`��}��	��>ÃÃ�V�>Ìi`���y>��>Ì�ÀÞ�«��Þ«Ã®]�Õ«�Ì��H£Óä��}É}
o colorectal cancer, up to ~130 µg/g
o GI bleeding, up to ~500 µg/g
o patients ultimately diagnosed with IBS, up to ~ 300 µg/g

%� non-GI and lifestyle factors:
o age <9 years, up to ~200 µg/g
o age >65 years, up to ~120 µg/g
o L>À�>ÌÀ�V�ÃÕÀ}iÀÞ]�Õ«�Ì��H{ää��}É}
o obesity, up to 185 µg/g
o physical inactivity, up to 60 µg/g
o rheumatological diseases, up to ~500 µg/g

Box 1. 7�>Ì��Ã�>�	���>À�iÀ¶Æ�>`>«Ìi`�vÀ���7�À�`��i>�Ì��"À}>��â>Ì���]�£��Î

Box 2. Fecal Calprotectin; courtesy of Adapted from D’Amico et al 2021 and Westerink et al 2021

�]�
À���½Ã�`�Ãi>ÃiÆ�
,*]�
�Ài>VÌ�Ûi�«À�Ìi��Æ���]�}>ÃÌÀ���ÌiÃÌ��>�Æ��	�]���y>��>Ì�ÀÞ�L�Üi��`�Ãi>ÃiÆ��	-]��ÀÀ�Ì>L�i�L�Üi��ÃÞ�`À��iÆ� -Ƃ��-]�����ÃÌiÀ��`>��
>�Ì����y>��>Ì�ÀÞ�`ÀÕ}ÃÆ�1
]�Õ�ViÀ>Ì�Ûi�V���Ì�Ã
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