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Summary

Fecal calprotectin has successfully been widely recommended as a sensitive 
biomarker of inflammatory bowel diseases (IBD). Recently, we have identi-
fied an excellent new fecal biomarker, B cell activating factor (BAFF), as 
being as effective as fecal calprotectin for diagnosing intestinal inflamma-
tion. In this study, a total of 230 patients with abdominal discomfort 
were prospectively enrolled and fecal samples were collected within 24  h 
before the endoscopic examinations. We show that fecal BAFF levels were 
significantly higher in patients with ulcerative colitis (median = 1549 pg/g, 
P  <  0·0001), Crohn’s disease (median  =  735  pg/g, P  <  0·0001), gastric 
cancer (median  =  267  pg/g, P  <  0·0001) and colorectal cancer (medi-
an = 533 pg/g, P < 0·0001) than those in healthy groups (median = 61 pg/g), 
while the values of which in patients with gastric polyps, colorectal polyps, 
esophagitis/gastritis/duodenitis and peptic ulcer were in the range of healthy 
individuals (P  >  0·05). An optimal cut-off value at 219·5  pg/g of fecal 
BAFF produced sensitivity, specificity, positive predictive and negative 
predictive values of 85, 91, 84 and 92%, respectively, for IBD or carcinoma. 
Our results therefore indicate a potential role for fecal BAFF as a sensi-
tive screening parameter for IBD and gastrointestinal carcinoma, as well 
a useful tool to select patients with abdominal  discomfort for further 
endoscopic examinations.

Keywords: B cell activating factor, calprotectin, inflammatory bowel diseases, 
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Introduction

Abdominal discomfort, such as abdominal pain, bloating, 
diarrhea and rectal bleeding,  are frequent reasons for a 
visit to the gastroenterology  clinic. However, those gas-
trointestinal  symptoms are not disease-specific, which 
presents great difficulties even for experienced gastroen-
terologists to diagnose [1,2]. Common clinical diagnostic 
methods, such as serological, radiological and endoscopic 
techniques, have their own limitations or flaws. The mark-
ers of systemic inflammation such as C-reactive protein 
(CRP) and erythrocyte sedimentation rate (ESR) are not 
sufficiently sensitive  and specific for intestinal inflamma-
tion and are poorly associated with clinical symptoms 
and disease activity [3–7]. Radiological examination 

involves too much exposure to radiation. Endoscopic 
examination is uncomfortable, invasive and not always 
available. Meanwhile, it is not reliable to select patients 
for endoscopy according to clinical symptoms [8,9], and 
a relatively large proportion of patients with gastrointes-
tinal  symptoms have negative endoscopic results. Thus, 
non-invasive fecal biomarkers are increasingly present and 
it is highly desirable to find surrogate screening biomark-
ers, which can precisely evaluate the risk stratification of 
patients with different diagnoses, to effectively reduce 
unnecessary invasive endoscopies.

The B cell-activating factor of the tumor necrosis factor 
(TNF) ligand superfamily (BAFF, also known as TNFSF13B, 
BLyS, TALL-1 or THANK), a positive factor for B cell 
survival, maturation and physiological functions, is 
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predominantly produced by myeloid cells, including mono-
cytes, macrophages, neutrophils and dendritic cells [10–13]. 
The elevated level of BAFF has been found in various 
autoimmune diseases, such as systemic lupus erythematosus 
[14], rheumatoid arthritis [15–17], multiple sclerosis [18] 
and primary Sjögren’s syndrome [19,20]. Currently, we 
have found for the first time that BAFF in serum and 
feces were elevated in IBD patients, and significant cor-
relations were also elucidated between serum BAFF level 
and disease activity in ulcerative colitis (UC) patients, 
indicating that BAFF may be involved in the pathogenesis 
of inflammatory bowel disease (IBD) [21]. Furthermore, 
we have demonstrated that fecal BAFF correlated well 
with endoscopic inflammation severity, suggesting fecal 
BAFF as a promising non-invasive parameter for discrimi-
nating IBD from irritable bowel syndrome (IBS) and for 
evaluating intestinal inflammation in IBD patients [22].

However, the value of fecal BAFF in unselected patients 
with abdominal discomfort still needs to be explored. The 
purpose of our study was therefore to assess the diagnostic 
value of fecal BAFF compared with fecal calprotectin, an 
efficient tool for discriminating IBD and IBS, in patients 
with abdominal discomfort. The potential of measuring 
BAFF in feces as a method of screening for IBD and 
gastrointestinal neoplasms was also evaluated.

Materials and methods

Patients

Patients who presented with abdominal discomfort, such 
as abdominal pain, bloating or altered bowel habit, were 
prospectively recruited into the study at the Union Hospital 
and Tongji Hospital affiliated to Tongji Medical College, 
Huazhong University of Science and Technology from 
June to August 2016. Abdominal discomfort had to be 
the chief complaint if several symptoms were presented 
at the same time [23]. Finally, a total of 230 participators 
were consecutively enrolled. Each recruited patient was 
instructed to provide a single stool sample using a dis-
posable plastic container within 24  h before esophago-
gastroduodenoscopy (EGD) or  bowel preparation 
for  colonoscopy. Upon receipt, fecal samples were stored 
at –80ºC and were then analyzed simultaneously.

Patients with concomitant and serious cardiopulmonary, 
hepatic, renal, neurological, mental and rheumatic disease 
were specifically excluded from the study; also excluded 
were patients with failure to collect stool samples or 
incomplete endoscopy or pregnancy. No patients were 
included with intake of non-steroidal anti-inflammatory 
drugs (NSAID) or high alcohol consumption.

This study was performed with the approval of the 
ethics committee of Tongji Medical College, Huazhong 
University of Science and Technology in accordance with 

the principles expressed in the Declaration of Helsinki. 
Written informed consent was obtained from all partici-
pants prior to enrollment in the study.

Endoscopic evaluation

According to standard procedure, the bowel preparation 
was performed with polyethylene glycol electrolyte solu-
tion before endoscopic work-up. Patients received EGD 
(GIF-Q260; Olympus, Tokyo, Japan) and/or ileocolo-
noscopy (CF-Q260; Olympus). Standard endoscopies 
were performed, and the type of disease and activity 
of intestinal inflammation were evaluated by senior 
gastroenterologists who were blinded to fecal marker 
values at the time of investigation. Biopsies were taken 
if necessary, as decided by the performers.

Determination of the final diagnosis

For the purpose of this analysis, the final diagnosis included 
the following items: normal findings, gastric polyps, 
esophagitis/gastritis/duodenitis, peptic ulcer, gastric cancer, 
colorectal polyps, UC, Crohn’s disease (CD) and colorectal 
cancer (CRC), etc. For those who had undergone EGD 
first but without significant findings, colonoscopy was 
performed next, and vice versa. Only those subjects with 
no positive findings in either EGD or colonoscopy were 
considered normal. Two gastroenterologists blinded to the 
study hypothesis and fecal marker values independently 
established the final diagnosis based on all available patient-
related medical records, including clinical history, laboratory 
results, endoscopy reports and histological findings. When 
there was more than one diagnosis, the severity of mucosal 
inflammation determined the final diagnosis.

Fecal sample extraction

Fecal samples were weighed and reconstituted with extrac-
tion buffer [calprotectin enzyme-linked immunosorbent 
assay (ELISA) kit] to obtain a final concentration at 400 mg/
ml. The solution was then homogenized three times with 
an electrical homogenizer (Tissue Lyser-24; Shanghai Jingxin 
Industrial Development Corporation, Shanghai, China) to 
obtain a homogeneous fecal suspension. After centrifuga-
tion at 14000 g for 15 min, the supernatants (fecal extracts) 
were collected and stored at –80℃ until quantitative meas-
urement of fecal BAFF and calprotectin.

Distribution of BAFF in feces

In order to measure whether BAFF was evenly distributed 
throughout the feces, we randomly took three 500-mg ali-
quots (spot sample) from the feces (n = 20), and the remain-
ing fecal sample (2000  mg) was diluted in extraction buffer 
and then homogenized with tube homogenizers. The homog-
enized sample and spot samples were extracted as described, 
and BAFF levels in feces were measured by ELISA.
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The BAFF levels in the three spot samples were similar 
to those in the corresponding blended feces, with no 
significant difference between unblended and blended 
samples. The correlations between one, two, and three 
spot samples and the corresponding blended sample were 
calculated, respectively, with Pearson’s correlation coef-
ficient varying between 0·86 and 0·95. A scatterplot showing 
the correlation of BAFF in randomly collected and blended 
samples is presented in Fig. 1.

Stability of BAFF in feces

In order to measure whether BAFF was stable in feces, 
the stool samples (n  =  20) were divided into two aliquots 
of 1000  mg. One aliquot was immediately extracted and 
detected the level of fecal BAFF by ELISA, and the other 
was stored at 20°C for 7  days before extraction. There 
were no significant differences (P  >  0·05) in BAFF levels 
before and after 7  days (Fig. 1).

Measurement of fecal BAFF and calprotectin

Commercially available ELISA kits were used. Fecal BAFF 
was quantitatively determined by the Quantikine human 
BAFF/BLyS/TNFSF13B immunoassay (R&D Systems, Inc., 
Minneapolis, MN, USA). The quantitative range was 
62·5–4000 pg/ml, with the intra- and interassay coefficient 
variability ranging from 3·4–6·5% and 10·0–11·6%, respec-
tively. The quantitative measurement of fecal calprotectin 
was performed using the Bühlmann fecal calprotectin TM 
ELISA kit (Bühlmann Laboratories AG, Schönenbuch, 
Switzerland). The quantitative range was 10–600  mg/g 
(lower-range ELISA procedure) and 30–1800  µg/g 
(extended-range ELISA procedure). Based on the previous 
experiment, the lower-range procedure with a working 
range of 10–600  µg/g was adopted after diluting the  
sample according to the manufacturer’s instructions. The 

intra- and interassay coefficient variabilities were 4·7% 
and <1·5%, respectively.

Fecal BAFF and calprotectin were measured at a 
concentration of 400  mg/ml in fecal extraction. If the 
measured levels of BAFF or calprotectin exceed the 
upper limit, samples were further diluted and measured 
again to obtain a quantitative value. All measurements 
were carried out in accordance with the manufacturer’s 
test instructions. ELISA plates were read on a microtiter 
plate reader (Tecan Infinite F50) with an absorbance 
of 450  nm. The technician carrying out the analyses 
was unaware of the study hypothesis and the patient’s 
diagnosis.

Statistical analysis

Data were recorded by Microsoft Office Excel 2010. 
Statistical analysis was performed with the statistical soft-
ware package spss version 13.0. Results are presented as 
mean with standard deviation (s.d.) for parametric numeri-
cal data and as median with interquartile range (IQR) 
for non-parametric numerical data. Categorical data are 
summarized as the percentage of the total number of 
groups. Non-parametric numeric data in two independent 
groups were compared using the Mann–Whitney U-test 
and categorical data in two independent groups were 
compared using the c2 test. The correlation between fecal 
BAFF and calprotectin was analyzed by Pearson’s correla-
tion coefficient (r). Receiver operating characteristics (ROC) 
curve was performed to determine the optimal cut-off 
values and the test characteristics of fecal biomarkers to 
determine a clinically significant finding in the gastroin-
testinal tract. The test characteristics were characterized 
by sensitivity, specificity, positive and negative predictive 
value (PPV, NPV). A P-value of <0·05 was considered 
statistically significant.

Fig. 1. (a) Correlation between fecal B cell activating factor (BAFF) in three random spot samples and a corresponding homogenized sample (n = 20). 
Pearson’s correlation varied between 0·86 and 0·95 (P < 0·0001). (b) Fecal BAFF concentrations before and after 7 days of storage at 20°C; Mann–
Whitney U-test for pairwise comparisons (P = 0·2604).
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Results

Patient characteristics

A total of 230 patients with gastrointestinal symptoms 
were prospectively enrolled. Among them, 38  patients 
(16%) were excluded (mainly due to gastrointestinal sur-
gery, incomplete endoscopy and poor adherence with fecal 
sampling). Finally, 192 patients (122 males/70 females; 
median age  =  48  years; age range  =  14–84 years) were 
included in the analysis. Baseline characteristics of enrolled 
patients are summarized in Table 1.

Fecal BAFF and calprotectin in patients with 
abdominal discomfort

The median values of fecal BAFF and calprotectin are 
demonstrated in Table 2, and individual values are plotted 
on scatterplots to visually observe the differentiation  
(Fig. 2). Comparisons between the diagnostic group and 
healthy controls using Mann–Whitney tests are also shown 
(Table 2). In the upper gastrointestinal diseases, fecal 
BAFF and calprotectin in patients with gastric cancer were 
apparently higher than that in the normal group 
(P  <  0·0001), while the values of fecal BAFF and calpro-
tectin in patients with gastric polyps, esophagitis/gastritis/

duodenitis and peptic ulcer were in the range of the 
normal group (P  >  0·05). In the lower gastrointestinal 
diseases, fecal BAFF and calprotectin in UC and CD 
groups were significantly higher than those of controls 
(P  <  0·0001). Statistically significant differences in fecal 
BAFF and calprotectin concentrations were also found 
in patients with colorectal cancer. There was no significant 
difference between colon polyps and controls (P  >  0·05).

Based on the above-mentioned results, we further clas-
sified enrolled patients into the following four categories: 
normal, cancer (gastric cancer and colorectal cancer), IBD 
(UC and CD) and other diseases (gastric polyps, esophagi-
tis/gastritis/duodenitis, peptic ulcer and colorectal polyps) 
groups. Fecal BAFF and calprotectin concentrations are 
significantly elevated in gastrointestinal neoplasms and 
IBD patients (Fig. 3). The median values are listed in 
Table 3.

Diagnostic value of fecal BAFF and calprotectin to 
select cancer and IBD in patients with abdominal 
discomfort

Using ROC analysis, we calculated an optimized cut-off 
value for fecal BAFF and calprotectin to distinguish patients 
with IBD or gastroenteric tumor (Fig. 4). For IBD, fecal 
BAFF at 253·5  pg/g had a sensitivity of 89%, specificity 

Table 1. Patient characteristics

Diagnosis Numbera  Gender (male)a  Age (years)b 

Normal controls 44 (23%) 27 (61%) 39 (32–51)
Gastric polyps 13 (7%) 6 (46%) 50 (48–60)
Esophagitis/gastritis/duodenitis 47 (24%) 27 (57%) 48 (43–53)
Peptic ulcer 11 (6%) 7 (64%) 46 (36–53)
Gastric cancer 21 (11%) 14 (67%) 59 (50–63)
Colorectal polyps 11 (6%) 9 (82%) 49 (44–61)
Ulcerative colitis 12 (6%) 11 (92%) 40 (32–52)
Crohn’s disease 16 (8%) 12 (75%) 35 (24–45)
Colorectal cancer 17 (9%) 9 (53%) 59 (51–64)

aCount (%); bmedian (interquartile range).

Table 2. Fecal BAFF and calprotectin values in common gastrointestinal diseases

Diagnosis Number BAFFa  (pg/g) P-value Calprotectina  (μg/g) P-value

Healthy controls 44 61 (33–68) – 17 (14–37) –
Gastric polyps 13 36 (8–89) 0·5617 37 (5–104) 0·4810
Esophagitis/gastritis/duodenitis 47 53 (0–123) 0·6103 27 (6–70) 0·7716
Peptic ulcer 11 56 (0–369) 0·8580 36 (0–136) 0·2302
Gastric cancer 21 267 (79–503) <0·0001 104 (31–145) <0·0001
Colorectal polyps 11 71 (35–82) 0·4550 5 (0–39) 0·2869
Ulcerative colitis 12 1549 (758–3196) <0·0001 325 (196–1281) <0·0001
Crohn’s disease 16 735 (263–1027) <0·0001 181 (114–285) <0·0001
Colorectal cancer 17 533 (308–1620) <0·0001 200 (59–438) <0·0001

aMedian (interquartile range). P-value = difference between the levels of fecal markers in the diagnostic groups compared to that in controls.
Mann–Whitney U-test for independent comparisons. BAFF = B cell activating factor.
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77%, PPV 40% and NPV 98%. Corresponding values for 
fecal calprotectin at 103·2 mg/g were 93, 77, 41 and 98%, 
respectively. For tumor, the performance of BAFF at a 
level of 186·7 pg/g to discriminate gastrointestinal cancer 
from other diseases showed a sensitivity of 84%, specificity 
74%, PPV 44% and NPV 95%. The global cut-off point 
of fecal calprotectin was 47·8  µg/g (sensitivity 84%, 

specificity 59%, PPV 34% and NPV 94%). For IBD and 
tumor, at a level of 219·5 pg/g the sensitivity of the BAFF 
test was 85%, while the specificity was 91%, with NPV 
and PPV of 84 and 92%, respectively. Fecal calprotectin 
at a level of 50·8  mg/g was observed at a sensitivity of 
86% and specificity of 75% for IBD and tumor. We also 
investigated the diagnostic performance of a composite 

Fig. 2. The values of fecal BAFF and calprotectin in each group were respectively plotted on the scatterplot. Solid lines indicate median levels. 
***P < 0·0001.

Fig. 3. Fecal B cell activating factor (BAFF) and calprotectin in different diagnostic groups. IBD = inflammatory bowel diseases; ****P < 0·0001; 
n.s. = non-significant.
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score combining fecal BAFF and calprotectin, which is 
summarized in Table 4. Furthermore, a significant cor-
relation was detected between fecal calprotectin and BAFF 
concentration, shown in Fig. 5 [r = 0·7292, 95% confidence 
interval (CI)  =  0·6552–0·7893, P  <  0·0001].

Discussion

BAFF has recently been identified as a novel stool-based 
marker of IBD. We have reported for the first time, 
to our knowledge, that the levels of BAFF in serum, 
feces and colon tissues of IBD patients are higher than 

those of IBS patients and healthy volunteers, and serum 
BAFF levels were closely correlated to clinical activity, 
CRP and various proinflammatory cytokines in serum, 
such as TNF-α and IL-1β [21]. In addition, fecal BAFF 
concentrations in patients with IBD were higher com-
pared to those in patients with IBS and healthy controls, 
which allowed correctly distinguishing patients with a 
high specificity and sensitivity of 100 and 84% at the 
optimal cut-off value of 227·3  pg/ml, while the PPV 
and NPV were 100 and 64%, respectively. Moreover, 
there is a highly significant correlation between fecal 
BAFF with endoscopic inflammation severity, which is 

Table 3. Fecal BAFF and calprotectin values in different diagnostic groups

Diagnosis Number BAFFa (pg/g) P-value Calprotectina  (μg/g) P-value

Normal 44 – – 17 (14–37) –
IBD 28 932 (313–1587) <0·0001 227 (162–895) <0·0001
Cancer 38 333 (240–819) <0·0001 123 (57–207) <0·0001
Other 82 53 (0–126) 0·7974 28 (4–72) 0·7522

aMedian (interquartile range);
P-value, difference between the levels of fecal markers in the diagnostic groups compared to that in controls.
Mann–Whitney U-test for independent comparisons.
IBD = inflammatory bowel diseases; BAFF = B cell activating factor.

Fig. 4. Receiver operator characteristic (ROC) curves for fecal B cell activating factor (BAFF) (a–c) and calprotectin (d,e) to discriminate 
inflammatory bowel disease (IBD) or/and cancer from other common gastrointestinal diseases. Data were described by area under the curve (AUC) 
with 95% confidence interval (CI) in parentheses.
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closer than that between calprotectin and mucosal inflam-
mation. Therefore, fecal BAFF can be used as a promis-
ing stool marker for identifying IBD and evaluating 
mucosal inflammation [22]. However, whether fecal BAFF 
can be put into use in detecting other organic gastro-
intestinal diseases, such as gastrointestinal tumor, 
remains to be investigated. Thus, this prospective study 
was carried out to examine the usefulness of fecal BAFF 
as a screening test for patients with abdominal discom-
fort compared with fecal calprotectin. We measured 
fecal BAFF and calprotectin as a comparison in a cohort 
of consecutive patients undergoing endoscopy for abdom-
inal discomfort.

The main characteristics of fecal biomarkers include 
the stability of fecal samples and the existence of a 

sensitive and reliable detection assay [24]. Similarly, BAFF 
was found to be temperature-stable for 7 days and equally 
distributed in the feces in this study. Therefore, stool 
specimens for BAFF measurement can be mailed to the 
laboratory without specific storage conditions, and only 
a small number of samples were needed to accurately 
measure BAFF in feces. With these valuable characteristics, 
fecal BAFF is considered to have great potential as a 
non-invasive disease marker.

In this study, the current results confirm our previous 
findings that fecal BAFF concentrations were significantly 
higher in IBD patients. Furthermore, fecal BAFF proved 
to be a valuable non-invasive marker that was able to 
accurately distinguish patients with IBD from patients 
without in this unselected group of patients with gastro-
intestinal symptoms, giving a sensitivity of 89%, specificity 
77%, PPV of 40% and NPV of 98%. Previous studies 
have demonstrated that calprotectin also shows excellent 
performance in discriminating between such groups, with 
sensitivity values ranging from 70 to 90% and specificities 
of a similar order in a referred population [25]. Our 
results are very close to previously reported values. Von 
Roon et al. performed a meta-analysis which showed that 
the diagnostic accuracy of fecal calprotectin for IBD at 
a cut-off value of 100  µg/g appeared to be better than 
at 50  µg/g [26]. As can be seen from the results, the 
ability of the fecal BAFF test for diagnosing IBD is similar 
to that of fecal calprotectin, so it may be recommended 
as a useful screening tool for identifying suspected IBD 
patients who are most likely to have endoscopies, which 
will essentially reduce the number of invasive examina-
tions and unnecessary costs.

The survival rate of gastrointestinal cancer is closely cor-
related with the stage of diagnosis, so early detection could 
reduce the mortality rate [27]. Colonoscopy remains the 
gold standard for detecting malignant gastrointestinal 

Table 4. Performance of fecal BAFF and calprotectin in gastrointestinal cancer and inflammatory bowel diseases

BAFF Cut-off value (pg/g) SEN (%) SPE (%) PPV (%) NPV (%)

Cancer 186·70 84 74 44 95
IBD 253·50 89 77 40 98
Cancer and IBD 219·50 85 91 84 92
Calprotectin Cut-off value (μg/g) SEN (%) SPE (%) PPV (%) NPV (%)
Cancer 47·80 84 59 34 94
IBD 103·20 93 77 41 98
Cancer and IBD 52·84 86 75 64 91
BAFF and calprotectin Cut-off value SEN (%) SPE (%) PPV (%) NPV (%)
Cancer 186·70 + 47·80 92 47 30 96
IBD 253·50 + 103·20 96 65 32 99
Cancer and IBD 219·50 + 52·84 92 61 55 94

The cut-off value determined by receiver operator characteristic (ROC) curves.
SEN = sensitivity; SPE = specificity; PPV = positive predictive value; NPV = negative predictive value; BAFF = B cell activating factor; IBD = inflam-

matory bowel disease.

Fig. 5. Correlation between fecal B cell activating factor (BAFF) and 
fecal calprotectin assay. Pearson’s rank correlation coefficient 
r = 0·7292 [95% confidence interval (CI) = 0·6552–0·7893], P < 0·0001.
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tumors, but it cannot represent a reliable primary screening 
tool because of its shortcomings. By contrast, fecal exami-
nation has been recommended as a non-invasive and rela-
tively inexpensive screening approach [28]. Fecal occult 
blood (FOB), the most widely used screening method, 
reported a 15–30% reduction of mortality, with relatively 
high sensitivity but somewhat low NPV. Calprotectin was 
also higher in patients with gastrointestinal tumors. However, 
a study which specifically detected calprotectin in 2321 
individuals showed a sensitivity of 76% for any neoplasia 
and 27% for advanced neoplasia, which indicated that fecal 
calprotectin cannot be recommended for colorectal screen-
ing because of its undesirable performance [29]. Similarly, 
a meta-analysis concluded that the overall sensitivity and 
specificity of fecal calprotectin in the diagnosis of colorectal 
cancer were 36 and 71%, and that it was not recommended 
as a screening test for colorectal malignancies in the general 
population [30]. Among 39 patients with known esophageal 
gastric cancer and 191 control subjects, fecal calprotectin 
had a sensitivity of 76.9% and a specificity of 88.0% in 
the diagnosis of esophageal gastric cancer, using the manu-
facturer’s cut-off value <50 mg/g [31]. Our previous studies 
have shown that fecal BAFF was elevated in IBD patients, 
but its role in gastrointestinal cancer is still unknown. This 
is the first study to demonstrate that fecal BAFF was higher 
in patients with gastrointestinal tumor, including gastric   
and colorectal cancer. The data presented here have shown 
that fecal BAFF has a sensitivity of 84% and a specificity 
of 74% in the diagnosis of gastrointestinal cancer using a 
cut-off of 186·7  pg/g. Fecal immunochemical tests (FITs) 
for hemoglobin (Hb) are widely recommended and used 
for CRC screening in many countries [32–35]  , as they 
have been shown to yield substantially better diagnostic 
performance in direct comparisons with guaiac-based fecal 
occult blood tests (gFOBTs) [36–38]. Previous studies have 
demonstrated large differences in the diagnostic performance 
of different quantitative FITs, with some of them showing 
very high sensitivity at very low specificity, and vice versa, 
which probably mainly reflect differences in the thresholds 
according to different manufacturers [39]. The sensitivities 
of FITs for detecting CRC range from 25 to 100%, and 
also as specificities [40]. Brenner and Tau [38] performed 
a head-to-head study and showed that the sensitivities, 
specificities, PPV and NPV of three FITs for CRC ranged 
from 53.3–73.3, 95.4–95.5, 7.3–10.0 and 99.7–99.8%, respec-
tively. It is clear that fecal BAFF has higher PPV but lower 
specificity than FIT in detecting CRC.

Our study further demonstrated that fecal BAFF and 
calprotectin could represent useful non-invasive biomark-
ers of IBD and tumor with sensitivities of 85 and 86%, 
respectively, and specificities of 91 and 75%. The PPVs 
of BAFF and calprotectin for IBD and tumor are 84 
and 64%, respectively. BAFF and calprotectin have highly 

similar NPVs of 92 and 91%, respectively, in differen-
tiating IBD and tumor from other diseases. As a diag-
nostic test for IBD and gastrointestinal tumor, we further 
wondered whether a composite score combining fecal 
BAFF and calprotectin would have better performance 
than the two separately. As shown in Table 4, an improved 
sensitivity with a reduction of specificity and PPV were 
observed when fecal BAFF and calprotectin were com-
bined, while the NPV was almost the same. At present, 
invasive endoscopy is strongly recommended for patients 
with disturbing gastrointestinal symptoms, especially for 
those aged above 45 years, to rule out malignant tumor, 
but the screening criterion is too radical and causes 
many dispensable endoscopies. We have confirmed, in 
our study, that fecal BAFF gave high sensitivity and 
specificity for IBD and gastrointestinal cancer, and the 
sensitivity was even higher when combining fecal BAFF 
and calprotectin together. Accordingly, we are in favor 
of undertaking fecal BAFF examinations or combining 
with calprotectin before carrying out endoscopies in 
those patients with abdominal discomfort, which can 
possibly provide valuable diagnostic assistance in these 
unselected patient populations and enable physicians to 
identify those with high risks.

Munari et al. confirmed that BAFF was abundant in 
the mucosa from Helicobacter+ patients with chronic gas-
tritis, and it was accumulated in macrophages in-vivo 
and was produced by monocyte-derived macrophages in 
vitro after H. pylori stimulation [41], but in our study 
fecal BAFF was not elevated as a whole in patients with 
chronic gastritis. It is necessary to further increase the 
sample size and analyze the concentration of BAFF sepa-
rately in feces according to H. pylori infection.

Our research has some limitations. First, the study only 
included a limited number of gastrointestinal diseases, 
but some diseases that possibly caused abdominal dis-
comfort were not analyzed. Secondly, some small bowel 
diseases possibly cause increases in fecal BAFF and cal-
protectin concentrations, which may be an explanation 
of why elevated BAFF and calprotectin has been found 
in some patients with negative findings in EGD and colo-
noscopy. Thirdly, a relatively small number of cases were 
enrolled into this study, and it is necessary to expand 
the sample size for further research and more solid case–
control studies need to be investigated in future.

Conclusion

In conclusion, our results support the perspective that 
fecal BAFF is a novel promising non-invasive biomarker 
that can discriminate patients with IBD and malignancy 
from other gastrointestinal disease as effectively as fecal 
calprotectin. We confirmed our prior study, showing 
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the great ability of fecal BAFF to recognize IBD. In 
addition, we expanded the role of fecal BAFF to gas-
trointestinal cancer as an auxiliary diagnostic tool, 
including gastric carcinoma and colorectal cancer. From 
our viewpoint, fecal BAFF tests are worth carrying out 
prior to endoscopic investigation, because this biomarker-
guided strategy might help physicians to establish diag-
nosis and make more appropriate decisions on 
endoscopy. Certainly, additional studies are required to 
further define the role of fecal BAFF as a non-invasive 
inflammatory marker.
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