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1. Background

Gastrointestinal toxicity, including diarrhoea and mucositis, is one of the most
common complications caused by systemic cytotoxic chemotherapy (Gibson 2009).
Chemotherapy induced diarrhea (CID) can occur in 50-80% of patients depending

on the chemotherapy regimen (Benson et al. 2004; Gibson et al. 2009).

A review of early toxic deaths occurring in two National Cancer Institute-sponsored
cooperative group trials of irinotecan plus high-dose fluorouracil and leucovorin for
advanced colorectal cancer has led to the recognition of a life-threatening
gastrointestinal syndrome and highlighted the need for vigilant monitoring and
aggressive therapy for this serious complication (Conti et al. 1996; Arbuckle et al.

2000; Saltz et al. 2000).

Diarrhea caused by chemotherapy regimens is a multifactorial process whereby
acute damage of the intestinal mucosa is due to loss of intestinal epithelium,
superficial necrosis and inflammation of the bowel wall. Prolonged or profound
oral and gastrointestinal mucositis can lead to painful ulcerations, bleeding, risk of

infections, dysphagia, bloatedness and increase of diarrhoea.

CID can cause depletion of fluids and electrolytes, malnutrition, dehydration and
hospitalization, all of which can lead to cardiovascular compromise and death. In

addition, diarrhea can interfere with and detract from cancer treatment by causing




dosing delays or reductions which may have an impact on survival (Engelking et al.
1998; Ippoliti, 1998).

Therapeutic agents commonly causing diarrhea include 5-fluorouracil (5-FU),
capecitabine and irinotecan (CPT-11) (Benson et al. 2004; Keefe et al. 2004).
Usually it is a dose-related adverse effect and may be associated with other features
of toxicity. CID appears to be a multifactorial process whereby acute damage to the
intestinal mucosa (including loss of intestinal epithelium, superficial necrosis and
inflammation of the bowel wall) causes an imbalance between absorption and
secretion in the small bowel (Keefe et al. 2000; Keefe, 2007; Gibson and Stringer,

2009; Stein 2010)

Although in many cases diarrhea and mucositis are clinically manageable, in some
cases they are life-threatening or even fatal events. The rapid extension of available
anti-neoplastic drugs, including targeted therapies used in combination with
traditional back-bone chemo-therapy, emphasized the urgent need for clinicians to
better understand and detect the risk of gastrointestinal toxicities associated with

these regimens.

Anti-EGFR monoclocanal anti-bodies are widely used in the treatment of several
cancers, as other anti-cancer agents they are characterized by an increased risk of

causing various toxicities including diarrhea and mucositis.




Thus, it appears relevant to quantify the magnitude of the risk of life-threatening
and fatal diarrhea and mucositis with the aim to optimize clinical outcomes in

cancer patients.

1.1. Epidemiology of diarrhea and mucositis induced by anti-cancer
regimens

Diarrhea is caused by a wide range of of different chemotherapy regimens to
varying degrees. In particular, fluoropyrimidines and irinotecan seem to initiate
extensive diarrthoea with incidences restimated to be as high as 50-80% in
treatment regimens containing these agents (Viele et al. 2003; Saltz et al. 2000).
Although there is uncertainty on the absolute number of cancer patients that suffer
from chemotherapy-induced diarrhoea a recent epidemiological investigation
indicates that up to 40% of patients receiving combination chemotherapy can
develop severe diarrhoea.

Oral and gastrointestinal (GI) mucositis can affect up to 100% of patients
undergoing high-dose chemotherapy, 80% of patients with malignancies of the
head and neck receiving radiotherapy, and a wide range of patients receiving

chemotherapy (Stein 2010).

1.2. Diarrhea and mucositis clinical aspects

Diarrhea induced by chemotherapy can be debilitating and, in some cases, life
threatening. Findings in such patients include volume depletion, renal failure, and

electrolyte disorders such as metabolic acidosis and depending upon water intake,




hyponatremia (increased water intake that cannot be excreted because of the
hypovolemic stimulus to the release of antidiuretic hormone) or hypernatremia
(insufficient water intake to replace losses) (Benson et al. 2004; Maroun et al.

2007).

Severe treatment-related diarrhoea significantly affects patient's morbidity and
mortality favouring life-threatening dehydration, loss of electrolytes, renal failure,
cardiac disorders, and in general a deterioration of the patient's mental and physical
condition. It should also be considered that other factors can contribute to diarrhea
in cancer patients treated with chemotherapeutic regimen. These include intestinal
infection (e.g. Clostridium difficile ), radiation, and a history of prior intestinal

resection (Davila and Bresalier, 2008; Vincenzi et al. 2008).

Diarrhea and mucositis can interfere with and detract from cancer treatment by
causing dosing delays or reductions which may have an impact on survival
(Engelking et al. 1998; Ippoliti, 1998). Prolonged or profound oral and
gastrointestinal mucositis can lead to painful ulcerations, bleeding, risk of

infections, dysphagia, bloatedness and diarrhoea (Davila and Bresalier, 2008).

Diagnosis of diarrhea and mucositis begins with a history to determine the severity
according to the NCI CTC grades (National Cancer Institute Common Toxicity

Criteria (Trotti 2003).




1.3. Anti-tumoral drugs as factor favouring diarrhea and mucositis

Irinotecan-induced diarrhea

Regardless of irinotecan schedule of administration, myelosuppression and delayed-type
diarrhea are the most common side effects (Davila and Bresalier, 2008).

Irinotecan can cause acute diarrhea (immediately after drug administration) or delayed
diarrhea. Immediate-onset diarrhea is caused by acute cholinergic properties and is often
accompanied by other symptoms of cholinergic excess, including abdominal cramping,
rhinitis, lacrimation, and salivation. The mean duration of symptoms is 30 minutes and
they usually respond rapidly to atropine. Delayed-type diarrhea is defined as diarrhea
occurring more than 24 hours after administration of irinotecan and is noncumulative and
occurs at all dose levels (Stein 2010).

Fluoropyrimidines (5-FU, capecitabine, tegafur/uracil)

The severity and prevalence of diarrhea caused by 5-FU treatment is increased by the
addition of leucovorin (LV) to the treatment regimen. Diarrhea is reported in up to 50% of
patients receiving weekly 5-FU/LV combined treatment. Moreover, the severity of the
diarrhea can increase when 5-FU is administered by bolus injection as opposed to
intravenous infusion Clinical factors predictive for fluoropyrimidine-induced diarrhea are
female sex, caucasian race and presence of diabetes. The gender- and race-related
differences are possibly influenced by the wvariable activity of dihydropyrimidine-

dehydrogenase (DPD) (Stein 2010).

1.4. Anti-epidermal Growth Factor monoclonal antibodies

Endotelial Growth Factor Receptor (EGFR), a member of the ErbB family
including four structurally related tyrosine kinases receptor, is often constitutively

expressed in many normal epithelial tissues and frequently over-expressed in




approximately 30% of cancers. It is considered as a prominent therapeutic target for
tumour antigen targeted monoclonal antibody (MoAbs)-based immunotherapy
(Yang 2010; Giannopoulou 2009).

Anti-EGFR MoAbs, binding the EGFR, block interaction of EGF with its specific
receptor in both tumour and normal cells, inhibiting receptor phosphorylation
(Jorissen 2003; Vale 2012). This results in down-regulation of EGF receptors and
modulation of processes which are critical to tumour growth and progression such
as angiogenesis, induction of apoptosis, tumour invasiveness and metastatic spread
(Keating 2010; Vale 2012).

Cetuximab and Panitumumab, a chimeric monoclonal and a fully human
monoclonal antibody, respectively, are two anti-EGFR agents. Both these MoAbs
have been proven to be effective, either as mono-therapy or as add-on to standard
therapies, in several randomised clinical trials (RCTs) and thus they are now

incorporated into several anti-cancer treatment regimens (Vale 2012).

1.5. Current evidence and risk of diarrhea and mucositis associated

to molecularly targeted agents

Epidermal growth factor receptor-targeted therapies

The rate of severe diarrhea (grade 3/4) with epidermal growth factor receptor
(EGFR) targeting therapies is less than 10%. For monoclonal antibodies (mAb),
such as the chimeric IgGl mAb cetuximab or the fully human IgG2 mAb
panitumumab, rates of grade 2 diarrhea are up to 21% and for grade 3 (ie greater

than 7 stools per day or requiring intravenous fluids) between 1 and 2% (Van




Cutsem et al. 2007; Davila and Bresalier, 2008). Diarrhea is more common in
patients receiving small molecule EGFR tyrosine kinase inhibitors (TKIs), such as
erlotinib, gefitinib or lapatinib. Occurrence of diarrhea is up to 60% for all grades.
Grade 3 diarrhea develops in about 6-9%. However, dose reduction due to EGFR-
targeting therapy induced diarrhea is seldom necessary. In combination with
radiotherapy diarrhea could be a more serious problem for EGFR-targeting drugs
(Stein 20010).

Multitargeting tyrosine kinase inhibitors

Sorafenib and sunitinib cause diarrhea in 30-50% of patients (all grades) with a rate
of less than 10% of grade 3 diarrhea (Llovet et al. 2008; Gore et al. 2009; Motzer et
al. 2009). Imatinib, an inhibitor of the Bcr-Abl protein tyrosine kinase, causes

diarrhea in about 30% of the patients, but severe diarrhea is also rare.

m-TOR inhibitors
Everolimus and temsirolimus (inhibitors of the mammalian target of rapamycin [m-
TOR]) were both recently approved for treatment of renal cell cancer, causing

diarrhea in up to 40% with a rate of severe diarrhea in less than 5% of patients

(Hudes et al. 2007; Motzer et al. 2008; Hess et al. 2009).

The mechanisms of targeted agent-induced diarrhea are not adequately investigated
yet. The antitumor activity is based on apoptosis induction, antiangiogenesis and
tyrosine kinase inhibition by targeting receptors or signaling pathways that are

present in normal cells as well, including the mucosa. Increased levels of EGFR are




found in inflamed mucosa, particulary in goblet cells, which seem to play a role in

CID (Threadgill et al. 1995).

However, there was no increase in toxicity of head and neck radiation by addition
of cetuximab in a phase III trial despite a possible correlation between EGFR
targeting and maturation of squamous eptithelium of the tongue and nasal cavity
(Bonner et al. 2006; Keefe and Gibson, 2007).

The high expression of Kit in the interstitial cells of Cajal, which function as
pacemaker cells of the intestinal motility, might be a potential mechanism for
diarrhea induced by imatinib or sunitinib (Deininger et al. 2003).

Regarding the increasing utilization of targeted therapies further research to gain

the ability to prevent diarrhea is urgently warranted (Keefe and Anthony, 2008).

1.6. Research question

Do anti-Epidermal Growth Factor Receptor monoclonal antibodies (cetuximab or
panitumumab), administered along with standard antitumoural regimens, increase

the risk of severe vascular thromboembolic adverse events in patients with cancer?
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2. Methods

2.1. Aims and objective

To undertake a systematic review of the potential risk of developing serious
thromboembolic adverse events (AEs) in cancer patients treated with cetuximab or
panitumumab along with standard therapeutic regimens. To evaluate risk factor
associated to kind of anti-EGFR agent administered and underlying malignancies.
The information we provide will be relevant for clinical and regulatory decision-

making processes.

2.2. Searching

An information specialist developed the search strategy and searched the following
databases: Medline, Embase, Central and Web of Science. The base search strategy
for studies comparing the effects of anti-EGFR monoclonal antibody + standard
regimen VS standard regimen alone was constructed using MEDLINE and then

adapted to the other resources searched.

Search strategy

The search included the following components:

1. cancer
AND
2. anti-EGFR monoclonal antibody

AND

11



3. clinical trials

Full search strategies are shown in Appendix 1. References of identified clinical
studies were checked in an iterative process. Moreover, to identify other undetected
published papers, we carried out a manual search of the bibliographies of relevant
studies.

In the case a trial was considered eligible, but did not report data on diarrhea and
mucositis adverse events an enquire was delivered to the corresponding author of
the publication, the principal investigator or the sponsor/institution to collect
unpublished data or to have the confirmation that these adverse events did not

occur.

Table 1: Resources searched

Databases searched for randomized controlled trials comparing anti-EGFR
monoclonal+standard regimen VS standard regimen alone

* Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and <1946
to Present> (via Ovid, 1946 to present) searched 15th September 2014

* EMBASE (Excerpta Medical Database) (via OVID SP <1974 to 2014
September 11>1* October 2014

* CENTRAL 1% October 2014

e Web of Science (SCI-EXPANDED, CPCI-S ) 1* October 2014

Databases searched for systematic reviews on thromboembolism and anti-
EGFR agents

* CDSR (Cochrane Database of Systematic Reviews) (via Cochrane Library.
Searched 1st/Ocotober/2014)

* DARE - Datase of Abstracts of Reviews of Effects (via CRD website
http://www.crd.york.ac.uk/CRDWeb/ Searched 4th November 2014).
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2.3. Inclusion criteria

The way to assess thromboembolism risk has been to collect RCTs comparing these

MoAbs plus backbone therapy with backbone therapy alone. Pre-specified

inclusion criteria are shown in Table 2.

Table 2. Study inclusion criteria

Participants Inclusion: Adults (>18 years) with solid tumours treated with
anti-EGFR monoclonal antibodies.
Exclusion: Adolescents and children with solid tumors.

Interventions | Standard therapeutic anti-tumoral regimen containing Anti-
EGFR MoAbs (Cetuximab or Panitumumab)

Comparators | Therapeutic anti-tumoral regimen without Anti-EGFR MoAbs
(Cetuximab or Panitumumab)

Outcomes Primary outcome

Incidence of Grade 3-4 diarrhea adverse events
Incidence of Grade 3-4 mucositis adverse events

Study design 1. randomised clinical trial reporting phase II or III trials

comparing anti-EGFR MoAbs-containing regimens
versus the same regimens without anti-EGFR MoAbs;
2. available data on the number of cases of diarrhea or
mucositis adverse events;
3. articles written in English
Phase I trials, single-arm phase II or III trials, trials comparing
different backbone regimens for anti-EGFR MoAbs were also
omitted from the analysis.

Phase I trials, single-arm phase II or III trials, all trials using anti-EGFR MoAbs in

both arms of treatment will be omitted from analysis, because they do not provide a

comparison between therapeutic regimens containing anti-EGFR MoAbs and the

13




same regimens without anti-EGFR MoAbs. The study selection process was
summarised in a flow diagram according to the PRISMA statement (Liberati 2008;

Moher 2015).

2.4. Review procedures

Studies were assessed for inclusion at both abstract and full text stages and
appraised for quality by two independent reviewers; data were extracted by one
reviewer and checked by a second. A third reviewer was consulted where
necessary. Selection procedure of records provided by literature search was
performed using EndNote X5 Thomson Reuters Software. Data were collected
using a pre-specified form. Data extraction records for the included studies are

available on request from the authors.

2.5. Strategy for data collection and data Synthesis

We provided a narrative synthesis of the findings from the considered studies,
structured around the type of exposure, target population characteristics, type of
solid tumours and outcomes of interest. We reported in a table from each eligible
clinical trial the first author’s name or name of the trial, publication year, study
design, sample size (total and for each arm of treatment), safety population
analysed, patient characteristics, underlying malignancies, therapeutic regimens
administered, time to exposure to treatment, time-point of AEs assessment.

The considered outcomes for quantitative analyses were the incidence of VTE and

PE defined according to the National Cancer Institute’s Common Terminology

14



Criteria for Adverse Events (CTCAE), version 2 or 3 (See Appendix 2) (Trotti
2000; Trotti 2003).

The number of grade 3-4 diarrhea and mucositis AEs in both arms of treatment was
collected and was used to perform meta-analysis for dichotomous outcomes. The
number of patients evaluable for toxicity was used as the number analysed, unless
this was not indicated, in which case the number of patients enrolled was
considered. In the case the results of a particular study were reported in more than
one publication, only the most recent and complete data were included in the
analysis. Patients assigned to anti-EGFR MoAbs in combination with standard
chemotherapy or other therapeutic regimen were compared with those assigned to
chemotherapy or other therapeutic regimen without anti-EGFR MoAbs in the same
trial. Multiple papers reporting the results of the same cohort were handled by

considering only the one reporting the larger population.

2.6. Dealing with aggregate data and unpuplished data

It was decided to ask principal investigators of included studies for not aggregate
data in the case an eligible article reported diarrhea and mucositis events without
providing more details on their nature. In addition it was asked investigators,
corresponding authors and representitive of sponsor or institution for unpublished

data.

15



2.7. Quality assessment

Two authors independently evaluated the risk of bias by using Cochrane
Collaboration Risk of Bias tool for included studies by considering the

following characteristics:

* Randomisation sequence generation: was the allocation sequence

adequately generated?

* Treatment allocation concealment: was the allocated treatment adequately

concealed from study participants and clinicians and other healthcare or

research staff at the enrolment stage?

* Blinding: were the personnel assessing outcomes and analysing data

sufficiently blinded to the intervention allocation throughout the trial?

* Completeness of outcome data: were participant exclusions, attrition and

incomplete outcome data adequately addressed in the published report?

(Higgins 2003).

2.8. Statistical analysis

Relative risk (RR), the ratio of the risk of an event in the two arms of treatment, has

been used as effect size. For the RR, patients assigned to anti-EGFR MoAbs in

combination with chemotherapy or chemotherapy plus radiotherapy or best

supportive care (BSC) were compared with those assigned to chemotherapy or

chemotherapy plus radiotherapy or BSC alone in the same trial. In case of multiple

16



arms studies, reporting results of two or more different treatment comparisons.
Since the clinical heterogeneity among studies (i.e. cancer site differs between
trials), the overall estimate of RR was obtained using a random-effects model
(DerSimonian 1986). However, statistical heterogeneity was investigated using
Cochran Q test (with p<0.10 considered statistically significant) and I-squared
statistic (I?), the latter describing the percentage of total variation across studies due
to heterogeneity rather than chance (Higgins 2003). The following techniques were
used to explain the possible causes of identified heterogeneity, where sufficient
trials were available: subgroup analysis; sensitivity analysis performed by
excluding the trials that potentially biased the results and meta-regression to
evaluate the impact of covariates on overall heterogeneity (Schutz 2012).

The incidence of Grade 3-4 AEs was calculated by using the number of patients
experiencing AEs divided by the total number of patients in each arm and

calculated the 95% confidence interval for each proportion.

Various sensitivity analyses were planned to explore the influence of the following
factors on the size of the effect and heterogeneity. Statistical analyses were
conducted using appropriate software, including R and Review Manager version
5.2 and Microsoft Excel version 14.1.0 (Microsoft Corporation).

Other subgroups analyses according to anti-EGFR MoAb administered and cancer
type for both outcomes were also conducted. Sensitivity analyses were performed

to assess the influence of the following factors on the size of the effect and

17



heterogeneity: co-administration of anti-angiogenic drugs (excluding trials with

regimens containing bevacizumab) and not standard dose of drug.

18



3.  Results (Overview of the evidence)

3.1. Studies identification and selection

The systematic search provided 6,777 records, after de-duplication we obtained
3,939 records. After a first screening, we included 245 records that underwent a full
text evaluation and 27 randomized clinical trials fulfilled all inclusion criteria and
were selected for the systematic review and meta-analysis. As previously explained
in the section regarding methods, we delivered a direct enquire to the corresponding
author of the publication, the principal investigator or the sponsor/institution to
collect unpublished data on trials considered eligible, but not reporting data on
diarrhea and mucositis in the article published. We received unpublished data from

6 trials.

Figure 1 shows the flow-chart of study selection procedure from their identification

through final inclusion in the meta-analysis.
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Fig. 1. Flow-chart of the studies through the literature selection

Records identified from databases
search: 6777 records
(Embase: 3,321 Medline: 988 Web of
Science: 1,864 Central: 604)

Deduplicated records:
3,939

Duplicates: 2,838

245 articles retrieved for

Excluded articles:

1,449 Narrative reviews, Systematic
reviews, Meta-analysis

24 Case reports and Case series

27 Editorials, Commentaries, Letters

17 Cost-effectiveness articles

602 Clinical trials excluded for comparison
or study design

301 Clinical trials excluded for intervention
19 Clinical trials excluded for patients

14 Clinical trials excluded for outcome

80 Other language articles

157 Preclinical studies

6 Guidelines articles

33 Conference proceedings

6 Protocols

17 No abstract

942 Other

full review

27 RCTs considered

218 articles considered not eligible after
full review.

Reasons for the exclusion: RCTs not
reporting Thromboembolic AEs

Articles reporting sub-analyses or re-
analyses of original trial, sutdy protocols

eligible

32 RCTs included in
analysis

5 RCTs considered eligible after having
obtained unpublished data
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3.2.  Study characteristics

3.2.1. Patients and treatment

Overall, 32 studies, carrying out 34 comparisons, were included in the analysis. Of
these, 26 (27 comparisons) reported data on cetuximab and 6 (7 comparisons) on
panitumumab (Table 1). Taken together, all the included RCTs reported data on a
total population of 19.379 patients affected by colorectal cancer, non-small cell
lung cancer, gastro-oesophageal cancer, squamous cell head and neck cancer,

pancreatic cancer, breast cancer or biliary tract cancer.

3.2.2. Intervention, dose administered and safety follow-up

Most of the considered trials used doses of 400 mg/m2 on day one followed by 250
mg/m2 weekly for cetuximab and 6.0 mg/kg every 2 weeks for panitumumab.

Five studies reported different cetuximab doses: BINGO trial (Cet 500mg/m2
biweekly), PETACC-8 (1,400mg/m2 on day one and 250mg/m2 weekly),
PICCOLO trial (Pan 9 mg/kg /3 weeks) and SAAK trial (500mg/m2 on day 1 and
bee-weekly). In the SPECTRUM trial scheduled dose of panitumumab 9 mg/Kg
every three weeks.

Twenty five studies out of the 32 included studies reported the duration of follow-
up for the safety analysis, which ranged between 28 and 30 days after the last dose.
Only in one study adverse events have been assessed within 12 weeks after the first

administration. All the relevant data for each study is summarised in the following .
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Table 1 — Summary of the features of included studies

Study Trial Underlying Number Safety Treatment Treatment Anti-egfr dose per Duration of Time-
name phase malignancy | randomiz | populati arm A arm B week or biweekly follow-up point of
ed on for Panitumumab median in AEs
months and assemme
range nt
mFOLFOX6 +
Alberts Colorectalc mFOLFOX6 Cet 400mg/m2; Cet
2012 3 ancer 1863 1825 Cet 250mg/m2 28 (0-68) NR
Breast Cisplatin + . . Cet 400mg/m2; Cet
Baselga 2 cancer 181 171 Cet Cisplatin 250mg/m2 NR NR
23 weeks
- Gemcitabine Gemcitabine [range 4-83]
BINGO 2 Biliary tract 150 144 +Oxaliplatin | + Oxaliplatin Cet 500mg/m2 (median NR
cancer biweekly
+ Cet + treatment
duration*)
Bonner 213 vs 212 vs . . Cet 400mg/m2; Cet
2006 3 SCHNC 211 208 Radiot + Cet Radiot 250mg/m2 54.0 months NR
Carboplatin + Taxane+
338 vs 325 vs . Cet 400mg/m2; Cet
BSMO09 3 NSCLC 338 320 Taxane + Cet Carboplatin 250mg/m2 NR NR
fg‘:;:g:l(n; Gemcitabine
Butts . + Cispatin (or Cet 400mg/m2; Cet 30 days
2007 2 NSCLC 65 vs 66 64 vs 66 Cart;ogelitln) Carboplatin) 250meg/m2 NR ALDR
Capecitabine N
Capecitabine
378 vs 366 vs + Cet 400mg/m2; Cet
CAIRO2 3 mCRC 377 366 bevacizumab + 250mg/m2 23 months NR
. bevacizumab
+ cetuximab
Cascinu Pancreatic Gemcitabine Gemcitabine Cet 400mg/m2; Cet 11.8 months
2009 2 cancer 42vs 42 42vs 42 * Clsg:ttm * + Cispatin 250mg/m2 (2.5-18.5) NR
Untreated Flucfre:utacil Fluorouracil 23vs21
1,630 815 vs Cet400mg/m2; months
COIN a,b 3 advanced or or NR
805 L Cet250mg/m2 (IQR 17-29 vs
colorectal Cet + Capecitabine
L 18-29)
Capecitabine
29.9vs 29.4
Colorectal Cet 400mg/m2; Cet months (29.1-
CRYSTAL 3 cancer 1217 1202 FOLFIRI + Cet FOLFIRI 250mg/m2 30.5 vs 28.8- NR
30.4)
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Capec+Cisplat

24.4vs21.0

pomo | 3| G | | sio | Gt | TS conspimgn | P | 0
& (20-0-24-9)
EXPERT- Capec- .
c 3 Rectal 83vs8l | 83vs81 | Oxaliplatin+ Capec- Cet 400mg/m2; Cet 37vs 32 NR
cancer Cet Oxaliplatin 250mg/m2
Platinum+ .
EXTREM 3 SCHNC 442 434 Fluorouracil + Platlnum.+ Cet 400mg/m2; Cet 12.9-26.0 NR
E Cet Fluorouracil + 250mg/m2 months
Cisplatin + . .
) ) Cisplatin + . 23.8 months
FLEX 3 NSCLC 557 vs 548 vs Vinorelbine + Vinorelbine Cet 400mg/m2; Cet (22:1-24:9 vs NWS
568 562 Cet 250mg/m2
22:4-24)
Docetaxel or
Kim 468 vs 451 vs Docetaxel or Cet 400mg/m2; Cet
2013 3 NSCLC 470 448 pemeé:ixe'j " | pemetrexed 250mg/m2 NR NR
Cisplatin + 5- . . 22.4vs21.0
. Cisplatin + 5-
Lorenzen ) Esophagus 904 446 vs Fluorouracil + Fluorouracil Cet 400mg/m2; Cet months 30 days
2009 carcinoma 436 Cet 250mg/m2 (21.3-24.0vs ALDR
20.0-24.9)
Oxaliplatin + . .
Colorectal Flurouracil + Igt):ilalsll:f:lirl]:r 211vs19.8
NEW 2 liver 137 vs 137 vs Cetor Oxaliolatin + Cet 400mg/m2; Cet months NR
EPOC metastasis 134 134 Oxaliplatin + Ca efitabine 250mg/m2 (12.6-33.8 vs
Capecitabine P 12.2-28.7)
+ Cet
OPUS ) Colorectal 169 vs 170 vs Cet+FOLFOX4 | Cet+FOLFOX4 Cet 400mg/m2; Cet NR 30 days
trial cancer 168 168 250mg/m2 ALDR
12.3 months
413 vs 407 vs f:;;:ft 3:;;
PACCEa 3b Colorectal 410 397 Pan+BevOx BevOx Pan 6 mg/kg for the Iri-éT 30 days
and b cancer 115vs 111 vs Pan+Bevlri Bevlri ALDR
115 113 cohort (0.2 to
26.2vs 0.2 to
18.6)
13.3vs 10.2
months
Peeters Colorectal 591 vs 541 vs Pan 6 mg/kg 30 days
2010 3 cancer 595 542 Pan+FOLFIRI FOLFIRI (0.2-31.7 vs ALDR
0.5-32.9)
PETACC- Colorectal 1280 vs 1149 vs Cet 1,400mg/m2; 3.3 years 30 days
8 3 cancer 1279 1179 Cet+FOLFOX4 FOLFOX4 Cet 250mg/m2 (3.2-3.4) ALDR
Irinotecan + .
PICCOLO 3 Colorectal 230 vs 223 vs Pan Irinotecan Pan 9 mg/kg /3 NR NR
cancer 230 224 weeks
13.2vs 12,5
Colorectal 593 vs 539 vs Pan+FOLFOX4 FOLFOX4 Pan 6 mg/kg months (0- 30 days
PRIME 3 25.2vs0to
cancer 590 545 24.7) ALDR
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) Gastroesop Docetaxel + .
Richards 2 hageal 75vs 75 72 vs 68 Oxaliplatin + Doce.taxe! * Cet 400mg/m2; Cet NR NR
2013 Oxaliplatin 250mg/m?2
cancer Cet
Rosell Cisplatin+Vin Cisplatin+Vin Cet 400mg/m2; Cet
2008 2 NScLe 43vs 43 42vs 43 orelbin+ Cet orelbin 250mg/m2 NR NR
S0205 3 Pancreatic 372 vs 361 vs Genlcg:\tbme Gemcitabine Cet 400mg/m2; Cet NR 12 weeks
trial cancer 371 355 250mg/m2 AFA
SAAK .
41/07 2 CRC 40vs28 | 39vs27 | CBPFRadiot | Radiot Pan 9 me/kg /3 9.1 months NS
+Pan weeks
Cisplatin + . .
L. Cisplatin +
SCOPE-1 23 Esophagus 129 vs 129 vs Capecitabine Capecitabine Cet 400mg/m2; Cet 16.8 months 12 weeks
carcinoma 129 129 + Radiot + Cet f Radiot 250mg/m2 (11.2-24.5) AFA
Siena ) Colorectal 21vs 21 21vs 21 Cet+rIT.]ei3(;1:||do Lenalidomide Cet 400mg/m2; Cet NR 28 days
2010 cancer 250mg/m2 ADLR
14.0 weeks
(range, 0.7 to
Sobrero 1298 638 vs Cet + R Cet 400mg/m2; Cet 6 weeks
2008 3 mCRC 629 Irinotecan Irinotecan 250mg/m2 97.9) vs13.1 ALDR
weeks (range,
0.7 to 89.1)
44.0vs 35.0
Pan 9 mg/kg 3
SPECTRU 327 vs 325vs . . weeks 30 day
M 3 SCHNC 330 325 Pan+Cis+FU Cis+FU weeks (21.0-75.0vs ADLR
16-0-66-0)
Cett MFOLFOX6 | Cet400mg/m2; Cet
Ye 2013 3 mCRC 138 70 vs 68 mFOLFOX6 (or FOLFIRI) 250mg/m2, 37 months NR
(or FOLFIRI) &
LEGENDA: NR: Not Reported; NSCLC: Non Small Cell LungCancer; ALDR: After Last Dose Received; NWS: Not Well

Specified; AFA: After First Administration; AT: Acute toxicity; LT: Late Toxicity;
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3.3.  Study quality

Our evaluation of study quality based on Cochrane Risk of Bias Assessment Tool
(Higgins 2011) revealed that the most RCTs clearly reported appropriate methods
to generate random sequences (18 out of 32), most of the studies were multicenter
and it is expected that the randomization sequence was ¢ generated by interactive
voice/web computer-based system as current regulation requires. Thus, it is
plausible that this is a matter of selective reporting in the published article, instead
of a methodological deficiency. The same issue of selective reporting could have
determined that in seven studies concealment methods were not adequately
reported. Only in one study an unclear risk of attrition bias was found, which was
low for all the others. Given the open label design of all studies, all the studies are
at high risk of performance bias (32 out of 32). For the same reason more than half
of the studies (20 out of 32) are at high risk of detection bias, while for the 12

remaining the risk is unclear (Figures 2-3). The results are depicted in Figure 2-3.

3.4. OQOutcomes

3.4.1. Incidences and RRs of diarrhea

Data on grade 3 and 4 diarrhea AEs were reported in all of the 32 included studies.
There were 1,361 cases of diarrhea out of 9,757 patients in the anti-EGFR MoAbs
group and 786 out of 9,613 patients in the control group. The incidence observed
was 11.8% (9.1 to 14.5%) in the experimental arm and 6.3% (4.8 to 7.9%) in the
control arm (Table 2). Using the fixed-effect model we found that the anti-EGFR

regimens were associated with a higher risk of severe venous thromboembolism
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compared with the control arm (RR of 1.68; 95% CI 1.55 to 1.83). It has been

observed absence of heterogeneity (I 3%; p=0.42) (Table 5, Figure 4).

3.4.2. Incidences and RRs of mucositis

Data on grade 3 and 4 mucositis events were provided by 16 studies (including 17
comparisons as the four-arm COIN trial was considered as two double-arm studies)
including a total population of 13,124 patients. There were 456 cases of mucositis
out of 6,572 patients in the anti-EGFR MoAbs group and 262 out of 6,552 patients
in the control group. The incidence was 6.9% (95% CI 4.7 to 9.2%) in the
experimental arm and 3.6% (95% CI 2.3 to 4.8%) in the control arm (Table 6).
Using the random-effect model we found that the anti-EGFR regimens were
associated with a higher risk of severe mucositis compared with the control arm RR
2.22 (95% CI 1.45 to 3.39). It has been observed heterogeneity (I 82%; p<0.0001)

(Table 3, Figure 5).

3.4.3. Subgroups Analyses

To better understand the relationship between anti-EGFR MoAbs and diarrhea and
mucositis, subgroups analyses stratifying patients by anti-EGFR agent used, anti-
EGFR dose, therapeutic regimen co-administered and underlying malignancy were

performed.
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3.4.4. Influence of Anti-EGFR Dose on RR of diarrhea and mucositis
The most of the studies adopted the same standard doses of anti-EGFR MoAbs.
Only four (Burtness et al.”, Hussain et al.”, PETACC-8 and SPECTRUM trials)
adopted different doses. We investigated if the use of non-standard schedule of
cetuximab or panitumumab may influence the risk of thromboembolism. We
categorized anti-EGFR MoAbs dosing as:

e “standard” 400mg/m2-250mg/m2 weekly for cetuximab and 6

mg/kg bi-weekly for panitumumab,
*  “non-standard” 1,400mg/m2 and 250mg/m2 for cetuximab or

500mg/m2 biweekly for cetuximab, and 9 mg/kg every 3 weeks.

The highest RR for diarrhea was observed in those patients receiving a standard
doses, no subgroups difference was observed. The RR for mucositis according to

doses does not change in a statistically significant manner among subgroups.

3.4.5. Influence of kind of anti-EGFR agent

We hypothesized that the risk of diarrhea and mucositis could be influenced by the
kind of anti-EGFR MoAbs administered, thus we divided the studies in two
subgroups (cetuximab and panitumumab). In the cetuximab subgroup we found a
diarrhea incidence of 10.6% % (95% CI 7.7 to 13.6%) in the experimental arm and
5.8% (95% CI 4.1 to 7.5 %) in the control arm; in the panitumumab subgroup
incidence was 16.2% (95% CI 10.4 to 22.1%) in the experimental arm and 8.5% %

(95% CI 4.4 to 12.6 %) in the control arm.
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Using the random-effect model the RR of diarrhea was 1.66 (95% CI 1.52 to 1.83)
in cetuximab subgroup and 1.98 (95% CI 1.38 to 2.82) in the panitumumab
subgroup (Table 5). No statistically significant differences between subgroups were
detected (Figure 4).

In the cetuximab subgroup it was found a mucositis incidence of 6.7% (95% CI 4.3
t0 9.2 %) VS 3.9% (95% CI 2.5 to 5.4 %) (Table 6). Using the random-effect model
the RR of mucositis was 2.22 (95 CI % 1.45 to 3.39) in cetuximab subgroup and
1.98 (95% CI 1.25, 3.13). In the panitumumab subgroup the incidence was 8.0%
(95% CI 6.4 to 9.6 %) VS 2.2% (95% CI 0.9 to 3.5 %) (Table 6, Figure 5). No

statistically significant differences between subgroups were detected (Figure 5).

3.4.6. Influence of Underlying Tumour Type

Given the potentially differing risks of diarrhea among patients with different
tumour types, an exploratory analysis stratifying patients by underlying tumour was
performed (Table 3). Using random effects-model, the effect sizes on both
mucositis and diarrhea varied, but the differences among tumour types were not

statistically significant (Figure 7; Tables 5 and 6).

3.4.7. Sensitivity analyses
Sensitivity analyses were carried out to define whether co-administration of
Bevacizumab or different exposure might have affected heterogeneity however, no

significant change was noted to be due to these factors on diarrhea and mucositis
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relative risks. The abscence of RCTs evaluating BSC prevented a sensitivity

analysis (Results not showed).

3.4.8. Publication bias

We found no evidence of bias related to small study size, such as publication

biases. Visual inspection of funnel plots for both outcomes diarrhea and mucositis

did not reveal asymmetry (Figures 8 and 9).

Table 5: Diarrhea RRs, Incidences

Diarrhea No of Grade 3-4 AEs/ Incidence [CI 95%]
total
Number Anti- Control Anti-EGFR arm Control arm Relative risk
of studies EGFR arm [CI 95%]
arm

Overall 32 1,361/9,757 786/9,613 11.8% (9.1 to 14.5%) 6.3% (4.8 to 7.9%) 1.68 [1.55,
1.83]

Cetuximab 26 1,020/7,577 | 600/7,447 10.6% (7.7 to 13.6%) 5.8% (4.1 to 7.5%) 1.66 [1.52,
1.83]

Panitumumab 6 341/2,180 186/2,166 16.2% (10.4 to 22.1%) 8.5% (4.4 to 12.6%) 1.98[1.38,
2.82]

Colorectal 17 1,203/6,458 709/6,400 17.6% (14.5 to 20.8%) 10.1% (8.0 to 12.3%) 1.67 [1.49,
cancer 1.88]

Gastric and 4 64/679 33/663 10.1% (6.4 to 13.7%) 4.8% (2.0 to 7.6%) 1.79 [1.19,
esophageal 2.69]

cancer

SCHNC 3 26/756 8/748 3.0% (0.4 to 5.6%) 0.9% (0.2 to 1.5%) 3.20 [1.46,
7.04]

Breast cancer 1 2/114 0/57 1.8% (0.0 to 4.2) NA 2.52[0.12,
51.67]

NSCLC 5 48/1,271 23/1,280 3.4% (0.9 to 5.9%) 1.5% (0.6 to 2.4%) 2.02[1.24,
3.28]

Biliary tract 1 6/76 3/68 7.9% (1.8 to 14.0%) 4.4 (0.00 to 9.4%) 1.79 [0.47,
cancer 6.88]

Pancreatic 2 12/403 10/397 1.3% (0.00 to 5.6%) 1.9% (0.4 to 14.0%) 1.18[0.51,2.71
cancer

Table 6: Mucositis

RRs, Incidences

Mucositis No of Grade 3-4 AEs/ Incidence (CI 95%)
total
Number Anti- Control Anti-EGFR arm Control arm Relative risk
of studies EGFR arm [CI 95%]
arm
Overall 16 456/6,572 262/6,552 6.9% (4.7 t0 9.2%) 3.6% (2.3 to 4.8%) 2.22[1.45,3.39]
Cetuximab 13 368/5,473 237/5,446 6.7% (4.3 10 9.2%) 3.9% (2.5 to 5.4%) 1.98[1.25,3.13]
Panitumumab 3 88/1,099 25/1,106 8.0% (6.4 t0 9.6%) 2.2% (0.9 to 3.5%) 3.40 [2.16, 5.36]
Colorectal 7 273/4,449 78/4,426 5.6% (4.0 to 7.2%) 1.6% (1.1 to 2.0%) 3.33[2.59,4.27]
cancer
Gastric and 1 17/446 8/436 3.8% (2.0 to 5.6%) 1.8% (0.6 to 3.1%) 2.08[0.91, 4.76]
esophageal
cancer
SCHNC 3 124/448 143/448 20.1% (0.00 to 23.1%(0.00 to 0.78 [0.37, 1.64]
47.0%) 51.0%)
NSCLC 4 42/1,229 33/1,242 3.0% (0.5 to 5.5%) 1.7% (0.2 to 3.2%) 1.39[0.69, 2.81]
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Figure 2 Risk of Bias graph

Allocation concealment (selection bias)

Random sequence generation (selection bias)
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Incomplete outcome data (attrition bias)
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Figure 3 Risk of Bias summary
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Figure 4 Forest plot of relative risk of severe diarrhea associated with kind
of anti-EFGR monoclonal antibody

experimental control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.20.1 Cetuximab
Alberts 2012 148 931 83 894 10.2% 1.71[1.33, 2.20] -
Baselga 2013 2 114 0 57 0.1% 2.52(0.12,51.67]
BINGO 6 76 3 68 0.4% 1.79 [0.47, 6.88] e
Bonner 2009 2 212 1 208 0.1% 1.96 [0.18, 21.48) —
BSM09 17 325 8 320 1.0% 2.09 [0.92, 4.78] —
Butts 2007 3 64 0 66 0.1% 7.22[0.38, 136.96] >
CAIRO2 95 366 70 366 8.9% 1.36 (1.03, 1.78) =
Cascinu 2009 2 42 1 42 0.1% 2.00[0.19, 21.23) —
COINa 135 523 80 525 10.5% 1.69 (1.32, 2.17) -
COINb 50 279 27 266 3.6% 1.77 (1.14, 2.73) ==
CRYSTAL 94 600 63 602 7.5% 1.50(1.11, 2.02) ——
EXPAND 35 446 17 436 2.2% 2.01[1.14, 3.54) —
EXPERT-C 25 83 11 81 1.7% 2.22 (1.17, 4.20] —_—
EXTREME 8 219 2 215 0.3% 3.93 (0.84, 18.28] T
FLEX 25 548 13 562 1.6% 1.97 [1.02, 3.81) —
Kim 2013 2 292 2 289 0.2% 0.99 [0.14, 6.98] e
Lorenzen 2009 5 32 0 30 0.1% 10.33 [0.60, 179.22] N B e—
NEW EPOC 8 137 7 134 0.7% 1.12 [0.42, 3.00] —
OPUS trial 14 170 12 168 1.3% 1.15 [0.55, 2.42] 1
PETACC-8 121 785 73 805 8.8% 1.70 [1.29, 2.23] aa
Richards 2013 12 72 8 68 1.0% 1.42 [0.62, 3.25] 1T
Rosell 2008 1 42 0 43 0.1% 3.07 [0.13, 73.30]
S0205 trial 10 361 9 355 0.9% 1.09 [0.45, 2.66) T
SCOPE-1 12 129 8 129 1.0% 1.50 [0.63, 3.55] I
Siena 2013 3 21 0 21 0.1% 7.00([0.38, 127.69] >
Sobrero 2008 181 638 99 629 13.2% 1.80 [1.45, 2.24) -
Ye 2013 4 70 3 68 0.3% 1.30 (0.30, 5.57) S R—
Subtotal (95% CI) 7577 7447 76.0% 1.66 [1.52, 1.83] [)
Total events 1020 600
Heterogeneity: Tau® = 0.00; Chi* = 13.01, df = 26 (P = 0.98); I’ = 0%
Test for overall effect: Z = 10.70 (P < 0.00001)
1.20.2 Panitumumab
PACCEa 97 407 51 397  7.0% 1.86 [1.36, 2.53) -
PACCEb 31 111 10 113 1.6% 3.16 (1.63, 6.12] —_—
Peeters 2010 73 539 53 540 6.1% 1.38 [0.99, 1.93] ——
PICCOLO 48 219 44 218 5.2% 1.09 [0.75, 1.56] -
PRIME 72 539 22 545 3.3% 3.31(2.08, 5.25] —_—
SAAK 47 4 40 1 28 0.2% 2.80[0.33, 23.74] —
SPECTRUM 16 325 S 325 0.7% 3.20[1.19, 8.63]
Subtotal (95% CI) 2180 2166 24.0% 1.98 [1.38, 2.82] <
Total events 341 186
Heterogeneity: Tau® = 0.14; Chi* = 20.65, df = 6 (P = 0.002); ¥ = 71%
Test for overall effect: Z = 3.74 (P = 0.0002)
Total (95% CI) 9757 9613 100.0% 1.68 [1.55, 1.83] [)
Total events 1361 786

P 2 _ . 2 _ _ - T i f ! I
Heterogeneity: Tau® = 0.00; Chi* = 33.90, df = 33 (P = 0.42); I’ = 3% ho1 o1 0 100

Test for overall effect: Z = 12.08 (P < 0.00001)

Favours [experimental] Favours [control
Test for subgroup differences: Chi* = 0.84, df = 1 (P = 0.36), I = 0% [exp ] [ I
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Figure 5 Forest plot of relative risk of mucositis associated with kind of anti-EFGR
monoclonal antibody

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.24.1 Cetuximab
Alberts 2012 59 931 16 894 8.2% 3.54 [2.05, 6.11] —
Bonner 2009 110 208 116 212 9.3% 0.97 [0.81, 1.15] -
BSMO09 31 325 30 325 8.5% 1.03 [0.64, 1.67] -1
Butts 2007 1 64 1 66 1.9% 1.03 [0.07, 16.14]
COINa 16 523 S 525 6.2% 3.21(1.19, 8.70] —_—
COINb 25 279 11 266 7.6% 2.17 [1.09, 4.32] —
CRYSTAL 21 600 9 602 7.2% 2.34 [1.08, 5.07] —
EXPAND 17 446 8 436 7.0% 2.08 [0.91, 4.76) T
EXPERT-C 2 83 0 81 1.6% 4.88 [0.24, 100.13] >
EXTREME 12 219 27 215 7.7% 0.44 [0.23, 0.84] —_—
FLEX 6 548 2 562 4.1% 3.08 [0.62, 15.18] N R —
Kim 2013 4 292 0 289 1.7% 8.91[0.48, 164.71) >
OPUS trial 5 170 2 168 4.0% 2.47[0.49, 12.56)  Ene—
PETACC-8 59 785 10 805 7.7% 6.05([3.12, 11.74] —_—
Subtotal (95% CI) 5473 5446 82.8% 1.98 [1.25, 3.13] <
Total events 368 237

Heterogeneity: Tau® = 0.47; Chi’ = 68.71, df = 13 (P < 0.00001); I’ = 81%
Test for overall effect: Z = 2.92 (P = 0.003)

1.24.2 Panitumumab

Peeters 2010 45 539 17 540 8.2% 2.65 [1.54, 4.57] —
PRIME 41 539 8 545 7.3% 5.18 [2.45, 10.95] —
SPECTRUM 2 21 0 21 1.7% 5.00 [0.25, 98.27]

Subtotal (95% CI) 1099 1106 17.2% 3.40 [2.16, 5.36] <o
Total events 88 25

Heterogeneity: Tau® = 0.01; Chi* = 2.08, df = 2 (P = 0.35); I = 4%
Test for overall effect: Z = 5.28 (P < 0.00001)

Total (95% CI) 6572 6552 100.0% 2.22 [1.45, 3.39] <
Total events 456 262

Heterogeneity: Tau® = 0.50; Chi* = 88.55, df = 16 (P < 0.00001); I’ = 82%
Test for overall effect: Z = 3.66 (P = 0.0003)

Test for subgroup differences: Chi* = 2.71, df = 1 (P = 0.10), I’ = 63.0%

I |
T

0.01 0.1 10 100
Favours [experimental] Favours [control]
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Figure 6 Forest plot of relative risk of severe diarrhea

cancer
Risk Ratio
1V, Random, 95% CI

Control
Total Weight

Experimental
Study or Subgroup Events Total Events

associated with underlying

1.21.1 Colorectal cancer

Sobrero 2008 181 638 99 629 13.2% 1.80 [1.45, 2.24]
COINa 135 523 80 525 10.5% 1.69 [1.32, 2.17]
Alberts 2012 148 931 83 894 10.2% 1.71(1.33, 2.20]
CAIRO2 95 366 70 366 8.9% 1.36 [1.03, 1.78]
PETACC-8 121 785 73 805 8.8% 1.70 [1.29, 2.23]
CRYSTAL 94 600 63 602 7.5% 1.50 [1.11, 2.02]
PACCEa 97 407 51 397 7.0% 1.86 [1.36, 2.53]
Peeters 2010 73 539 53 540 6.1% 1.38 [0.99, 1.93]
PICCOLO 48 219 44 218 5.2% 1.09 [0.75, 1.56]
COINb 50 279 27 266 3.6% 1.77 [1.14, 2.73]
PRIME 72 539 22 545 3.3% 3.31(2.08, 5.25])
EXPERT-C 25 83 11 81 1.7% 2.22 [1.17, 4.20]
PACCEb 31 111 10 113 1.6% 3.16 [1.63, 6.12]
OPUS trial 14 170 12 168 1.3% 1.15 [0.55, 2.42]
NEW EPOC 8 137 7 134 0.7% 1.12 [0.42, 3.00]
Ye 2013 4 70 3 68 0.3% 1.30 (0.30, 5.57]
SAAK 47 4 40 1 28 0.2% 2.80(0.33, 23.74]
Siena 2013 3 21 0 21 0.1% 7.00[0.38, 127.69]
Subtotal (95% CI) 6458 6400 90.1% 1.67 [1.49, 1.88]
Total events 1203 709

Heterogeneity: Tau® = 0.02; Chi* = 25.98, df = 17 (P = 0.07); I’ = 35%
Test for overall effect: Z = 8.64 (P < 0.00001)

1.21.2 Gastroesophageal cancer

EXPAND 35 446 17 436 2.2% 2.01(1.14, 3.54]
Richards 2013 12 72 8 68 1.0% 1.42 [0.62, 3.25]
SCOPE-1 12 129 8 129 1.0% 1.50 [0.63, 3.55]
Lorenzen 2009 5 32 0 30 0.1% 10.33 [0.60, 179.22]
Subtotal (95% CI) 679 663 4.3% 1.79 [1.19, 2.69]
Total events 64 33

Heterogeneity: Tau® = 0.00; Chi* = 2.08, df = 3 (P = 0.56); I =
Test for overall effect: Z = 2.81 (P = 0.005)

0%

1.21.3 SCHNC

SPECTRUM 16 325 S 325 0.7% 3.20 [1.19, 8.63]
EXTREME 8 219 2 215 0.3% 3.93 (0.84, 18.28]
Bonner 2009 212 1 208 0.1% 1.96 [0.18, 21.48)
Subtotal (95% CI) 756 748 1.1% 3.20 [1.46, 7.04]
Total events 26 8

Heterogeneity: Tau® = 0.00; Chi* = 0.23, df = 2 (P = 0.89); I = 0%
Test for overall effect: Z = 2.90 (P = 0.004)

1.21.4 NSCLC

FLEX 25 548 13 562 1.6% 1.97 [1.02, 3.81]
BSM09 17 325 8 320 1.0% 2.09 (0.92, 4.78]
Kim 2013 2 292 2 289 0.2% 0.99 [0.14, 6.98]
Butts 2007 3 64 0 66 0.1% 7.22[0.38, 136.96]
Rosell 2008 1 42 0 43 0.1% 3.07 [0.13, 73.30]
Subtotal (95% CI) 1271 1280 3.0% 2.02 [1.24, 3.28]
Total events 48 23

Heterogeneity: Tau® = 0.00; Chi* = 1.31, df = 4 (P = 0.86); I =
Test for overall effect: Z = 2.84 (P = 0.005)

0%

1.21.5 Biliary tract cancer

BINGO 6 76 3 68 0.4% 1.79 (0.47, 6.88]
Subtotal (95% CI) 76 68 0.4% 1.79 [0.47, 6.88]
Total events 6 3

Heterogeneity: Not applicable

Test for overall effect: Z = 0.85 (P = 0.40)

1.21.6 Pancreatic cancer

S0205 trial 10 361 9 355 0.9% 1.09 [0.45, 2.66]
Cascinu 2009 2 42 1 42 0.1% 2.00 (0.19, 21.23]
Subtotal (95% CI) 403 397 1.0% 1.18 [0.51, 2.71]
Total events 12 10

Heterogeneity: Tau® = 0.00; Chi* = 0.22, df = 1 (P = 0.64); I’ = 0%
Test for overall effect: Z = 0.39 (P = 0.70)

1.21.7 Breast cancer

Baselga 2013 2 114 0 57 0.1% 2.52[0.12,51.67]
Subtotal (95% CI) 114 57 0.1% 2.52[0.12,51.67]
Total events 2 0

Heterogeneity: Not applicable

Test for overall effect: Z = 0.60 (P = 0.55)

Total (95% CI) 9757 9613 100.0% 1.68 [1.55, 1.83]

Total events 1361 786

Heterogeneity: Tau® = 0.00; Chi* = 33.90, df = 33 (P = 0.42); I’ = 3%
Test for overall effect: Z = 12.08 (P < 0.00001)
Test for subgroup differences: Chi* = 3.93, df = 6 (P = 0.69), I’ = 0%
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Figure 7 Forest plot of relative risk of severe mucositis associated with underlying
cancer

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.25.1 Colorectal cancer
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Figure 8: Funnel plot on publication bias regarding studies reporting diarrhea

0__SE(Iog[RR]) .
O@I o
od% o
1
0.5+ 5] i <&
1
)
(o]
Oi 0o
1
11 o
o
'Q
1
i
(@]
1.5+ i o =)
! (@]
1
i
1
2 , L , RR
0.01 0.1 1 10 100
Subgroups

O Cetuximab <> Panitumumab

Figure 9 Funnel plot on publication bias regarding studies reporting mucositis
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4. Discussion

Severe and life-threatening gastrointestinal AEs in cancer therapy remain a
significant burden to patients, producing morbidity and impacting on optimal
dosing for effective treatment (Lee 2014). To the best of the knowledge, this is the
most comprehensive systematic review and meta-analysis investigating on the
association between anti-EGFR MoAbs and the risk of high grade diarrhoea, and
the first demonstrating an increased risk of severe mucositis.

The present analyses, based on an overall population of twenty thousand patients,
have shown that the addition of cetuximab or panitumumab to standard treatments
increases by 68% the risk of grade 3-4 diarrhea and by 122% the risk of grade 3-4
severe mucositis (Fig 2; Fig. 4 and Table 2).

These results regarding diarrhea did not differ importantly in accordance to
underlying cancer, kind of anti-EGFR agent administered and scheduled doses.
While, there is a higher risk of mucositis among patients suffering from colorectal
cancer compared to the overall RR and the other RRs for different malignancies.
The type of anti-EGFR moAbs and scheduled dose seemed to not impact on the RR
of mucositis as well.

Diarrhea and mucositis are some of the most commonly encountered side effects
during systemic chemotherapy (Jones 1999). The lack of interaction between
chemotherapy backbone regimens and anti-EGFR agents resulting from our
analysis is interesting, as the risk of chemotherapy-induced diarrhea, generally,
seems to be influenced by the choice of chemotherapeutic agents, combination

schemes and administration routes (Lee 2014). These findings suggest that the
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administration of anti-EGFR MoAbs poses an additional risk of experiencing these
AEs, independently of any overlapping toxicity due to chemotherapy, or anti-
VEGTF, such as bevacizumab, co-administered.

The mechanism of induction of diarrhea caused by targeted agents remains unclear.
A plausible explanation could be directly related to the inhibition of EGFR pathway
in enterocytes. EGFR works as a negative regulator of chloride secretion in the
normal colon mucosa cells, in which sodium chloride exchange is stimulated by
intracellular messengers (Uribe 1996). EGFR inhibitors might cause secretory
diarrhea as a result of excessive chloride secretion and deficient sodium absorption
by blocking this pathway (Loriot 2008). EGF, in fact, has been proved to decrease
chloride secretion in T84 human cells through protein kinase C (PKC) and
phosphatidylinositol 3-kinase (PI3K) (Barrett 1998). Such data are not available for
intestinal and colonic cells but this mechanism might be a possible explanation for
some cases of anti EGFR MoAbs-associated diarrhea.

A partial overlapping of diarrhea and mucositis, moreover, is extremely likely.
Damage to intestinal epithelium caused by cytotoxic agents, with superficial
necrosis and inflammation of the bowel wall, results in loss of absorption surface
and thus imbalance between absorption and secretion in the small bowel (Keefe
2000; Gibson 2006).

The pathogenesis of mucositis could be caused by sequential steps starting from a
cellular DNA direct damage which, amplified by inflammatory pathways,
progressively leads to ulceration and finally to the healing process. EGFR seems to

play a major role in the last process (Sonis 2004). After gastric mucosal injury, for
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example, tyrosine kinase activity associated with EGFR significantly increases
(Relan 1995, Majumdar 1996). EGF and other growth factors, furthermore,
promote cell migration and increase blood flow allowing repair of the denuded
basal membrane (Pai 1998; Blay 1985).

Preclinical experiments demonstrated that EGF is involved also in colonic mucosal
repair (Procaccino 1994). The importance of the EGF pathway in this process has
been shown in human conditions as well. Necrotizing enterocolitis seems more
frequent in infants fed with formula (lacking of EGF) than in newborns fed with
breast milk (Lucas 1990). Other clinical evidence supports the role of EGF in
increasing crypt-cell mitotic activity with a rapid recovery of the villous
architecture when administered to children with congenital microvillous atrophy or
necrotising enteritis (Fagbemi 2001).

Besides the regenerative effects, it has been hypothesized that EGF could exert a
protective effect on gastrointestinal mucosa. It may stimulate the synthesis and
secretion of mucin glycoprotein, enhancing mucosal defences by creating a
dilutional barrier which protects epithelium from caustic agents and toxic oxygen
metabolites (Gibson 2013). Therefore, the addition of anti-EGFR MoAbs to
chemotherapy could inhibit both regenerative and protective effects, enhancing
chemotherapeutic agents toxicity by delaying or impeding a complete healing
process. This results in reduction of intestinal villous area, crypt length and crypt
proliferation (Keefe 2000), which cause painful ulcerations and disphagia,

abdominal cramps, bloatedness and diarrhea (Logan 2008). This mechanism could
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partially explain the additional risk associated with the use of cetuximab and

panitumumab which resulted from our analyses.

Several sensitivity analyses were performed to assess if the findings were affected
by confounding factors or potential sources of bias detected while examining the
articles and supplementary material published online only.

In the first analysis regarding the risk of mucositis, the studies on patients affected
by colorectal cancer were excluded. The symptoms of such a malignancy could be
erroneously considered as AEs, in some cases. This hypothesis is supported by the
lower risk of mucositis found with this sensitivity analysis (RR 1.12; 95% CI 0.82
to 1.52)

On the contrary, the increase in the risk of this AE was higher by excluding patients
with head and neck cancer (RR 2.90; 95% CI 1.86 to 4.51). Patients with head and
neck cancer undergoing radiotherapy treatment are prone to develop radiation-
induced stomatitis, which can not be distinguished by stomatitis induced by other
agents (Fekrazad 2014). Although patients in both arms are exposed to
radiotherapy, differences in the incidence of this AE between the two arms of a
study could be found due to an unbalanced distribution of tumour characteristics, in
particular position or dimension.

With the aim to reduce confounding factors associated with therapeutic control
regimens, only studies that administered cetuximab or panitumumab as add-on
agent with exactly the same regimen in control arm were included. It is retained

that these more strict inclusion criteria that can reduce the introduction of additional
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biases related to different agents administered in the backbone therapeutic schemes.
Unfortunately, the data reported in the considered RCTs did not permit to clearly
establish if a dose-response relationship exists and if a threshold effect can be ruled

out.

4.1. Quality of the evidence

The risk of bias of the included studies varied from low to high (Figures 2 and 3). Every
study has a high risk of performance bias related to the lack blinding. We found no
evidence of bias related to small study size, such as publication biases, in fact a visual
inspection of the funnel plots and formal analysis of asymmetry did not indicate asymmetry

for both outcomes diarrhea and mucositis.

4.2. Limitations

As in other meta-analyses, our study has potential limitations.
Our study has different limitations:

1. several included primary studies did not report Grade 4 AEs
separately from Grade 3 AEs, precluding an independent analysis
based on different grade of severity;

2. the considered studies were conducted by evaluating patients with
adequate major organ function, which might not reflect “real world”
patients;

3. the present study was designed as a meta-analysis of aggregate data
reported in scientific articles, thus confounding factors at the

individual patient level could not be assessed.
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5. Conclusion

The present work yielded a wider perspective including more additional studies providing
data on wider population compared to a previously published meta-analysis (Miroddi
2015). In addition this study implemented unpuslished data from five clinical trials.

In conclusion, the present meta-analysis of puplished and unpulished data shows that the
addition of cetuximab or panitumumab to any therapeutic regimens for cancer is associated
with an increased risk of severe diarrhea and mucositis. Prevention, early recognition and
appropriate clinical management of severe diarrhea and mucositis are considered essential
in order to develop risk reduction strategies for limiting incidence, duration, and severity of
these AEs. These strategies may differ from approaches directed at preventing other forms

of chemotherapy-induced gastrointestinal side effects.
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7.1.

7. Appendices

Appendix 1: Search strategy

Database: Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid

MEDLINE(R) <1946 to Present>

Search Strategy:

1

2

3

4

exp Neoplasms/ (2644015)
(cancer® or tumour* or tumor* or neoplas* or metasta* or oncol*).ab,ti. (2107982)
1 or2 (3153974)

(cetuximab or "IMC C225" or IMC-C225 or "MADb C225" or C225 or Erbitux).ti,ab,rn.

(4463)

5

(Panitumumab or ABX-EGF or Vectibix or anti-EGFR or "anti EGFR").ti,ab,rn.

(2470)

6

7

10

11

12

13

14

15

4 or 5(5795)
3 and 6 (5346)
randomized controlled trial.pt. (388379)
controlled clinical trial.pt. (89811)
randomi?ed.ab. (369707)
placebo.ab. (159551)
clinical trials as topic.sh. (173008)
randomly.ab. (222343)
trial.ti. (133603)

or/8-14 (958893)
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16  exp animals/ not humans.sh. (4009228)
17 15 not 16 (886224)

18 7 and 17 (988)

LR R R R R R S R R R S S R R R R L

Database: Embase <1974 to 2014 September 11>

Search Strategy:

1  exp *neoplasm/ (2674010)

2 (cancer* or tumour* or tumor* or neoplas* or metasta* or oncol*).ab,ti. (2604547)
3 1or2(3483251)

4 cetuximab/ (17113)

5 (cetuximab or "IMC C225" or IMC-C225 or "MAb C225" or C225 or Erbitux).ti,ab,rn.
(17647)

6  panitumumab/ (4900)

7  (Panitumumab or ABX-EGF or Vectibix or anti-EGFR or "anti EGFR").ti,ab,rn.
(7313)

8 4or5or6or7(20027)

9 3and 8 (18024)

10 randomized controlled trial/ (352114)
11 random*.tw. (911453)

12 placebo.mp. (336367)

13 double-blind.tw. (140952)

14 single-blind.tw.

15  triple-blind.tw.

16 or/10-15 (1191053)

17  (animal/ or nonhuman/) not exp human/ (4659353)
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18 16 not 17 (1066739)

17 9 and 18 (3321)

sk sk sk sk sfe sk sk sk sk sk sfe sk sk skeoske sk skeosk sk skosk sk skoskoskoskosk

Database Web of Sciences (SCI-EXPANDED, CPCI-S ):
#1 TOPIC: ((cancer* or tumour* or tumor* or neoplas* or metasta* or oncol*)) 2,348,265

#2 TOPIC: ((cetuximab or "IMC C225" or IMC-C225 or "MAb C225" or C225 or Erbitux
or anti-EGFR or "anti EGFR")) 7,630

#3 TOPIC: ((Panitumumab or ABX-EGF or Vectibix or anti-EGFR or "anti EGFR")) 2,787
#4 #3 OR #2 8,032
#5 #4 AND #1 7,154

#6 TOPIC: (random* or placebo* or control* or "double blind" or "single blind" or "triple
blind) 4,631,339

#7#6 AND #5 1,864

sk sk skeoskosk skoskok

CENTRAL:

Cetuximab or IMC C225 or IMC-C225 or MADb C225 or C225 or Erbitux or Panitumumab
or ABX-EGF or Vectibix or anti-EGFR or antiEGFR

604 records
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7.2.  Appendix 2: Common Terminology Criteria for Adverse Events

v 3.0 (CTCAE)

Quick Reference The NCI Common Terminology Criteria for Adverse Events v3.0
1s a descriptive terminology which can be utilized for Adverse Event (AE)

reporting. A grading (severity) scale is provided for each AE term.

Components and Organization

Category

A Category is a broad classification of AEs based on anatomy and/or
pathophysiology. Within each Category, AEs are listed accompanied by their

descriptions of severity (Grade).

Adverse Event Terms

An AE is any unfavorable and unintended sign (including an abnormal laboratory
finding), symptom, or disease temporally associated with the use of a medical
treatment or procedure that may or may not be considered related to the medical
treatment or procedure. An AE is a term that is a unique representation of a specific
event used for medical documentation and scientific analyses. Each AE term is
mapped to a MedDRA term and code. AEs are listed alphabetically within

Categories.
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Short AE Name
The ‘SHORT NAME’ column is new and it is used to simplify documentation of

AE names on Case Report Forms.

Supra-ordinate Terms

A supra-ordinate term is located within a Category and is a grouping term based on
disease process, signs, symptoms, or diagnosis. A supra-ordinate term is followed
by the word ‘Select’ and is accompanied by specific AEs that are all related to the
supra-ordinate term. Supra-ordinate terms provide clustering and consistent
representation of Grade for related AEs. Supra-ordinate terms are not AEs, are not
mapped to a MedDRA term and code, cannot be graded and cannot be used for

reporting.

Remark

A ‘Remark’ is a clarification of an AE.

Also Consider

An ‘Also Consider’ indicates additional AEs that are to be graded if they are

clinically significant.

Navigation Note
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A ‘Navigation Note’ indicates the location of an AE term within the CTCAE

document. It lists signs/symptoms alphabetically and the CTCAE term will appear

in the same CATEGORY unless the ‘Navigation Note’ states differently.

Grades

Grade refers to the severity of the AE. The CTCAE v3.0 displays Grades 1 through

5 with unique clinical descriptions of severity for each AE based on this general

guideline:

Grade 1 Mild AE

Grade 2 Moderate AE

Grade 3 Severe AE

Grade 4 Life-threatening or disabling AE

Grade 5 Death related to AE

An ‘Em dash’ (—) indicates a grade not available. Not all Grades are appropriate

for all AEs. Therefore, some AEs are listed with fewer than five options for Grade

selection (Trotti 2003).
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Table - Effect sizes for all subgroups analyses performed

Outcome or Studies Participants Statistical Method Effect
Subgroup Estimate
Diarrhea 34 19370 Risk Ratio (IV, Random, 1.68 [1.55,1.83]
95% CI)
Cetuximab 27 15024 Risk Ratio (IV, Random, 1.66 [1.52,1.83]
95% CI
Panitumumab 7 4346 Risk Ratio (IV, Random, 1.98 [1.38,2.82]
95% CI)
Diarrhea 34 19370 Risk Ratio (IV, Random, 1.68 [1.55,1.83]
Cancer Subgroups 95% CI)
Colorectal cancer 18 12858 Risk Ratio (IV, Random, 1.67 [1.49,1.88]
95% CI)
Gastroesophageal cancer 4 1342 Risk Ratio (IV, Random, 1.79[1.19,2.69]
95% CI)
SCHNC 3 1504 Risk Ratio (IV, Random, 3.20[1.46,7.04]
95% CI)
NSCLC 5 2551 Risk Ratio (IV, Random, 2.02[1.24,3.28]
95% CI)
Biliary tract cancer 1 144 Risk Ratio (IV, Random, 1.79 [0.47, 6.88]
95% CI)
Pancreatic cancer 2 800 Risk Ratio (IV, Random, 1.18 [0.51,2.71]
95% CI)
Breast cancer 1 171 Risk Ratio (IV, Random, 2.52[0.12,51.67]
95% CI)
Diarrhea - Treatment 27 15727 Risk Ratio (IV, Random, 1.73[1.55,1.92]
Exposure 95% CI)
Diarrhea Doses Subgroups 34 19370 Risk Ratio (IV, Random, 1.68 [1.55,1.83]
95% CI)
Standard Doses 29 16481 Risk Ratio (IV, Random, 1.71[1.57,1.87]
95% CI)
Non-standard Doses 5 2889 Risk Ratio (IV, Random, 1.56 [1.10,2.22]
95% CI)
Mucositis 17 13124 Risk Ratio (IV, Random, 2.22[1.45,3.39]
95% CI)
Cetuximab 14 10919 Risk Ratio (IV, Random, 1.98[1.25,3.13]
95% CI)
Panitumumab 3 2205 Risk Ratio (IV, Random, 3.40[2.16,5.36]
95% CI)
Mucositis 17 13124 Risk Ratio (IV, Random, 2.22[1.45,3.39]
Cancer Subgroups 95% CI)
Colorectal cancer 9 8875 Risk Ratio (IV, Random, 3.33[2.59,4.27]
95% CI)
NSCLC 4 2471 Risk Ratio (IV, Random, 1.39[0.69,2.81]
95% CI)
Gastroesophageal cancer 1 882 Risk Ratio (IV, Random, 2.08 [0.91,4.76]
95% CI)
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SCHNC

Mucositis Treatment
exposure
Mucositis Doses Subgroups

Standard dose

Non-standard dose

11

17

15

896

6960

13124

11492

1632

Risk Ratio (IV, Random,
95% CI)

Risk Ratio (IV, Random,
95% CI)

Risk Ratio (IV, Random,
95% CI)

Risk Ratio (IV, Random,
95% CI)

Risk Ratio (IV, Random,
95% CI)

0.78 [0.37, 1.64]

242 [1.37,4.27]

2.22[1.45,3.39]

1.98 [1.31,3.00]

6.00 [3.14, 11.45]
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