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Predictive model for risk of severe gastrointestinal toxicity
following chemotherapy using patient immune genetics and type
of cancer: a pilot study
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Abstract
Purpose Severe chemotherapy-induced gastrointestinal toxic-
ity (CIGT) is common and results in treatment delays, dose
reductions, and potential premature treatment discontinuation.
Currently, there is no diagnostic marker to predict CIGT.
Proinflammatory cytokines, produced via toll-like receptor
signaling, are key mediators of this toxicity. Hence, this pilot
study investigated the association between immune genetic
variability and severe CIGT risk.
Methods Genomic DNA from 34 patients (10 with severe
CIGT) who had received 5-fluoruracil-based chemotherapy
regimens was analyzed for variants of IL-1B, IL-2, IL-6, IL-

6R, IL-10, TNF-a, TGF-b, TLR2, TLR4, MD2, MYD88,
BDNF, CRP, ICE, and OPRM1. Multivariate logistic regres-
sion created a prediction model of severe CIGT risk.
Results There were no significant differences between pa-
tients with and without severe CIGT with regards to age,
sex, type of cancer, or chemotherapy treatment regimens.
The prediction model of severe CIGT risk included TLR2
and TNF-a genetic variability and cancer type (colorectal
and gastric). This prediction model was both specific and
sensitive, with a receiver operator characteristic area under
the curve of 87.3 %.
Conclusions This is the first report of immune genetic vari-
ability, together with cancer type, being predictive of severe
CIGT risk. These outcomes are being validated in a larger
patient population.
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Introduction

Chemotherapy-induced gastrointestinal toxicity (CIGT), par-
ticularly following 5-fluorouracil (5-FU)-based therapies, oc-
curs frequently in cancer patients [1]. Patients with CIGT
experience severe consequences such as oral mucositis, in-
creased infection rates, and diarrhea [2, 3]. Consequently,
CIGT is a significant burden on patients’ quality of life that
causes substantial additional health costs [4] and often results
in treatment delays and/or chemotherapy dose reduction. Cur-
rently, the risk of CIGT cannot be accurately predicted.

Substantial research has shown that many of the key me-
diators of CIGT belong to the inflammatory signaling path-
way [2]. In particular, activation of the transcription factor
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nuclear factor kappa B (NF-κB) and up-regulation of its
proinflammatory cytokine target genes including tumor ne-
crosis factor alpha (TNF-α), interleukin-1 beta (IL-1β), and
IL-6 are implicated in modulating injury [5]. These cytokines
have been correlated with CIGT severity in clinical studies
[6]. A key upstream initiating event leading to this increased
proinflammatory cytokine expression is the Toll-Interleukin-
1 Receptor (TIR) pathway. This innate immune system path-
way includes the pattern recognition toll-like receptors
(TLRs) and interleukin-1 (IL-1) family and plays a pivotal
role in CIGT [7].

The risk of developing CIGT depends on several variables
related to drug treatment and patient characteristics [1], in-
cluding genetic factors. Genetic polymorphisms in a number
of drug targets and genes have been associated with toxicity to
5-FU, including dihydropyrimidine dehydrogenase (DPYD),
thymidy la te syn thase (TYMS ) , and methy lene -
tetrahydrofolate reductase (MTHFR) [8]. However, current
pharmacogenetic markers lack clinical utility due to poor
sensitivity and specificity and provide only a limited role in
patient selection. With the emerging role of patient innate
immunity in CIGT, the variability of genes encoding media-
tors of the TLR/IL-1β pathway may be additional important
markers of risk as indicated by studies associating TNFA
genetic variability with toxicity [9, 10]. This pilot retrospec-
tive study aimed to investigate the association between a
number of immune genetic loci and severe CIGT following
5-FU-based chemotherapy.

Materials and methods

Study participants

Thirty-four patients who had received 5-FU-based chemother-
apy; 5-FU and leucovorin (5-FU/LV), other (5-FU in combi-
nation protocols, including FOLFOX 4/6, FEC-D, FEC100,
ECF) and capecitabine (in protocols with oxaliplatin and
Avastin); from June 2009 to December 2012 at the Flinders
Medical Centre, South Australia were recruited. This study
was approved by the Southern Adelaide Clinical Human
Research Ethics Committee, and all patients provided written
informed consent prior to participating in accordance with the
Declaration of Helsinki. Mail-out kits were used to collect
saliva samples from participants according to manufacturer’s
instructions (Oragene DNA collection kit, DNAGenotek Inc.,
Kanata, Canada). Blinded clinical case note review was used
to obtain patient demographic and CIGT data, with patients
characterized as having severe CIGT if grade ≥3 toxicity
(National Cancer Institutes Common Terminology Criteria
for Adverse Events (CTCAE) version 4) was documented
on at least one occasion for any individual or combination of
the following: nausea, vomiting, diarrhea, and oral mucositis.

In addition, if patients had received a dose reduction due to
CIGT regardless of symptom grade, they were also classified
as having severe CIGT. Patients were excluded if they had
received concurrent radiotherapy, had pre-existing conditions
associated with mucosal damage (including Crohn’s disease
and ulcerative colitis), were unable to give informed consent,
were unwilling to participate, were genetically related to other
participants in the study, or had a significant (grade 3+) non-
gastrointestinal chemotherapy-induced toxicity.

Genetic analysis

Genomic DNAwas isolated from a saliva sample. Concentra-
tion and purity were assessed by spectrophotometry, and
samples were then analyzed for 21 single nucleotide polymor-
phisms (SNPs) in the following genes using a customized
SequenomMassArray (iPLEXGOLD) assay at the Australian
Genome Research Facility (Brisbane, Australia): IL-1B
(rs16944, rs1143627, rs1143634), IL-2 (rs2069762), IL-6
(rs10499563), IL-10 (rs1800871, rs1800896), IL-6R
(rs8192284/rs2228145), TNFA (rs1800629), TGFB
(rs11466314, rs1800469), TLR2 (rs3804100), TLR4
(rs4986790, rs4986791), MD2 (LY96, rs11466004), MYD88
(rs6853), BDNF (rs6265), CRP (rs2794521), ICE (CASP1,
rs554344, rs580253), and OPRM1 (rs1799971).

Statistical analysis

Hardy-Weinberg equilibrium was not significant for any SNP
(P>0.05). Chi-square or Fisher’s exact tests were used to
examine differences in patient demographics between patients
with severe versus without severe CIGT. A general linear
model of multivariate logistic regression with step-wise addi-
tion of factors (genetic, type of cancer, and patient demo-
graphics) was used to build the predictive risk model using a
Chi-square test to test for each additional factor. The final
model provided individual P values for each of the included
factors which, although may not have been <0.05, were im-
portant contributors to the overall model. The receiver opera-
tor characteristic (ROC) curve percentage area under the curve
(AUC) was used to assess the ability of the model to predict
severe CIGT. Analysis was conducted using R [11].

Results

Patient demographics, types of cancer, and treatment regimens
were not different between patients with severe CIGT (n=10)
compared to those without CIGT (n=24, Table 1). A range of
symptoms contributed to severe CIGT: nausea/vomiting (n=
2), diarrhea (n=5), and mucositis (n=3). The multivariate
logistic regression created a predictive severe CIGT model
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that included genetic variability in TLR2 (rs3804100, P=
0.033) and TNFA (rs1800629, P=0.049) and colorectal (P=
0.028) and gastric (P=0.069) cancers. With regard to the
individual SNPs, patients with either colorectal or gastric
cancer who carried at least one variant had a higher risk of
severe CIGT compared to patients with wild-type loci

(predicted probability >0.95). The inclusion of age, sex, or
treatment regimen did not improve the model.

This model was both specific and sensitive for predicting
severe CIGT as indicated by the ROC curve AUC of 87 %
(Fig. 1a). When only the SNPs were included in the model,
specificity and sensitivity were slightly reduced, with the
ROC curve AUC of 77 % (Fig. 1b).

Discussion

Our pilot retrospective study is the first to model the combined
importance of patient immune genetic variability and type of
cancer in determining risk of severe CIGT. This prediction
was both specific and sensitive and remained sowith inclusion
of only the immune genetic variability, as evidenced by com-
parable ROC curve % AUCs. Hence, we regard this model to
be a step towards being able to predict severe CIGT risk in
patients with a particular type of cancer.

With regard to the genetic variants included in the model,
the impact of both TLR2 (rs3804100, 1350 T>C) and TNF-a
(rs1800629, promotor −308 G>A) SNPs on protein expres-
sion and function remains unclear. Nonetheless, although
there has been no prior investigation of TLR2 SNPs and
toxicity to chemotherapy in patients, given that this innate
immune receptor recognizes numerous pathogens, including
bacteria, to activate immune responses, it is not surprising that
it was an important genetic contributor to severe CIGT risk.
Indeed, this is supported by prior association of this TLR2
SNP with immune responses to a measles vaccine [12]. In

Fig. 1 Receiver operator characteristic (ROC) curves of the model including a) TLR2 and TNFA SNPs and colorectal and gastric cancer type (AUC
87 %) and b) TLR2 and TNFA SNPs alone (AUC 77 %) to predict severe CIGT

Table 1 Patient demographics, cancer type, and treatment regimen for
patients with severe CIGT and those without CIGT, data are n (%). P
values were obtained by a Chi-square or Fisher’s exact test comparing the
two groups

Severe CIGT No/mild CIGT P value

Age (years)

<60 4 (40) 13 (54) 0.78
60+ 6 (60) 11 (46)

Sex

Male 6 (60) 6 (25) 0.11
Female 4 (40) 18 (75)

Cancer type

Breast 1 (10) 12 (50) 0.057
Colorectal 7 (70) 11 (46)

Gastric 2 (20) 1 (4)

Treatment regimen

Capecitabinea 2 (20) 3 (13) 0.80
5-FU/LV 2 (20) 4 (16)

Otherb 6 (60) 17 (71)

a Capecitabine alone or in combination with oxaliplatin or Avastin
b 5-FU in combination protocols, including FOLFOX 4, FOLFOX 6,
FEC-D, FEC100, ECF
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contrast to TLR2, TNFA loci have been previously investigat-
ed with regard to toxicity. The TNFA −308 G>A SNP has
been related to toxicity severity in patients receiving high-
dose chemotherapy prior to stem cell transplantation, while
another TNFA promotor SNP (−1031 T>C) was associated
with oral mucositis following 5-FU-based therapy [9, 10].
Collectively, these data highlight the importance of TNF-α
in mediating CIGT.

In conclusion, this is the first severe CIGT risk model to
implicate immune genetic variability of the TLR2 gene and is
supportive of prior studies of the TNFA gene, being markers of
risk that is both specific and sensitive. These preliminary out-
comes have the potential to impact significantly on a patient’s
cancer journey through personalizing treatment based on ge-
netics. However, these preliminary findings must be considered
within the context of the limitations of this study, notably the
small sample size, the retrospective nature of the study, and the
requirement for future validation studies in larger populations.
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