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mutation (3%–5% of nsclc patients)6,7, the approach 
to treatment is moving toward targeted agents. Al-
though many such patients will ultimately receive 
chemotherapy, targeted agents allow for a personal-
ized approach to treatment through identification of 
the presence of gene profiles or disease-specific genes 
that control cancer growth.

With respect to the epidermal growth factor re-
ceptor (egfr), tyrosine kinase inhibitors (tkis) have 
been developed that impede phosphorylation of its 
intracellular tyrosine kinase component, blocking 
downstream signalling pathways associated with 
the proliferation and survival of cancer cells8,9. For 
patients with EGFR mutation–positive nsclc, egfr 
tkis are an effective treatment, especially in the first-
line setting10–12. However, because of further muta-
tions such as the T790M mutation in exon 20 of the 
tyrosine kinase domain of egfr, amplification of the 
MET proto-oncogene, or other mechanisms, patients 
almost invariably develop resistance to egfr tkis13–15.

The reversible egfr tkis erlotinib and gefitinib 
compete reversibly with atp for the atp binding site 
of the intracellular kinase domain of the egfr recep-
tor16. The irreversible egfr tkis, such as afatinib and 
dacomitinib, were developed to overcome resistance 
to the reversible egfr tkis by binding irreversibly to 
the active site of the kinase domain of egfr16. They 
also simultaneously inhibit multiple ErbB receptors 
and oncogenic pathways. For example, afatinib is 
an ErbB family blocker that blocks egfr (ErbB1), 
human epidermal growth factor receptor 2 (ErbB2), 
and ErbB4 signalling, and transphosphorylation of 
ErbB317,18. Adverse events (aes) with the egfr tkis 
are different from those with chemotherapy, the most 
frequent and manageable being rash and diarrhea8.

2.	 EGFR TKI–INDUCED DIARRHEA

Diarrhea induced by egfr tkis is most likely to occur 
in the first 4 weeks after treatment initiation19,20; diar-
rhea induced by afatinib is most likely to occur within 
the first 7 days21. This type of diarrhea is thought 
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1.	 INTRODUCTION

Non-small-cell lung cancer (nsclc), with its three 
main histologic subtypes, adenocarcinoma, squa-
mous cell carcinoma, and large cell anaplastic car-
cinoma, accounts for approximately 85% of all lung 
cancers1,2. The heterogeneous histologies of nsclc 
have traditionally been grouped because of similari-
ties in treatment and prognosis; however, evidence 
shows that they can respond differently to treatment3.

Most patients with nsclc receive chemotherapy 
as first-line treatment. However, in nsclc patients 
with either an EGFR mutation (10%–15% of white4 
and 20%–40% of Asian5 nsclc patients) or an ALK 
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to be primarily secretory, although the mechanism 
remains unclear22,23.

Several possible mechanisms for egfr tki–
induced diarrhea have been postulated. One theory 
proposes that, in normal gastrointestinal mucosa, 
egfr, a negative regulator of chloride secretion, is 
often overexpressed23. The egfr tkis might block 
that regulation pathway, increasing chloride secre-
tion, which would induce secretory diarrhea23,24. 
An alternative theory is that the egfr tkis inhibit 
egfr signalling, leading to a reduction in growth and 
impaired healing of the intestinal epithelium where 
egfr is expressed, subsequently causing mucosal at-
rophy25. It has also been suggested that a combination 
of factors cause egfr tki–induced diarrhea, including 
altered gut motility, colonic crypt damage, changes 
in the intestinal microflora, and altered colonic trans-
port21. Finally, data from the Skin Toxicity Evaluation 
Protocol with Panitumumab (stepp) trial showed that 
patients using a prophylactic skin treatment regimen 
that included oral doxycycline 100 mg twice daily 
were less likely than patients on a reactive skin treat-
ment regimen to experience any grade of diarrhea 
(56% and 85% respectively)26. Doxycycline could 
be acting as an anti-inflammatory or an antimicro-
bial agent, suppressing diarrhea caused by the egfr 
inhibitor panitumumab, suggesting that an inflam-
matory or infectious component might be involved.

3.	 ASSESSMENT AND GRADING

The guideline most commonly used to determine 
the severity of diarrhea is the Common Terminology 
Criteria for Adverse Events from the U.S. National 
Cancer Institute (Table i)27. The ae grades are deter-
mined in part by the increase in the number of stools 
per day over baseline: grade 1 is an increase of less 
than 4 stools, grade 2 is an increase of 4–6 stools, 

and grade 3 is an increase of 7 or more stools. In 
addition, grade 3 includes incontinence limiting self-
care activities of daily living, with hospitalization 
indicated. Grade 4 is considered life-threatening with 
urgent intervention indicated, and grade 5 is death.

However, using the Common Terminology Cri-
teria for Adverse Events alone is not sufficient to 
provide a complete assessment. During evaluation 
of the patient, additional information should be gath-
ered, including stool characteristics and coexisting 
symptoms and their duration28.

In addition, causes of diarrhea other than the 
egfr tki should be ruled out. Other potential causes 
of diarrhea include medications (stool softeners, 
antacids, laxatives, antibiotics), diet intolerances 
(lactose, for instance), radiation toxicity, surgeries 
(short bowel syndrome or gastrectomy), fecal impac-
tion, intestinal obstruction, and comorbid infections. 
Laboratory tests can rule out some causes of diar-
rhea: neutropenia can be detected from a complete 
blood count and differential, renal function and 
electrolyte abnormalities can be assessed using 
blood tests, and bacterial pathogens can be checked 
through a stool culture or Clostridium difficile toxin 
screen. To rule out coexisting disorders such as 
bowel ischemia, perforation, or obstruction, evalu-
ation with abdominal radiography or endoscopy and 
biopsy can be performed8,28,29.

4.	 INCIDENCE OF DIARRHEA

In phase iii clinical trials involving egfr tkis, the in-
cidence of diarrhea varied substantially by drug and 
dosage given (Table ii). In the trials, the incidence of 
diarrhea ranged from 18% to 95%, with up to 25% 
of patients experiencing grade 3 or higher diarrhea.

Interestingly, the incidence of grade 3 diarrhea 
in the lux-Lung  3 trial, which compared afatinib 
with chemotherapy, was 14.4% for patients who re-
ceived afatinib60. However, in the lux-Lung 6 trial, 
which was completed after the lux-Lung 3 trial, the 
incidence of grade 3 diarrhea was 5.4% for patients 
who received afatinib—a substantial difference67. 
The main differences in these trials were the type of 
chemotherapy given (which would not affect the ae 
profile of patients in the afatinib arm) and the ethnic 
origin of the patient population. The lux-Lung  6 
trial had an all-Asian population; the ethnicity of the 
patient population in lux-Lung 3 was 72% eastern 
Asian, 26% white, and 2% other. The difference in se-
vere diarrhea had been speculated to be a result of the 
difference in the ethnicities of the study populations. 
However, a recent analysis comparing the incidence 
of diarrhea in the two trials by ethnicity showed com-
parable results between the groups (grade 3 diarrhea 
occurred in 9.7% of the Asian patients and in 10.9% 
of the non-Asian patients)68. The treatment protocols 
for diarrhea were consistent across the two trials, 
but the heightened awareness of the importance of 

table i	 Severity of diarrhea by grade

Grade ctcae description

1 Mild Increase of fewer than 4 stools per day 
over baseline

2 Moderate Increase of 4–6 stools per day over 
baseline

3 Severe Increase of 7 or more stools per day over 
baseline; incontinence; hospitalization 
indicated; limits self-care activities of 

daily living

4 Life-threatening Life-threatening consequences; urgent 
intervention indicated

5 Death Death

ctcae = Common Terminology Criteria for Adverse Events (ver-
sion 4.03)27.
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treating diarrhea early might have been the reason 
that the incidence of high-grade events dropped in 
the lux-Lung 6 trial. In addition, the oncologists in 
the lux-Lung 3 trial were less experienced at treat-
ing egfr tki–induced diarrhea because of the small 
number of patients (1–3 patients) in some centres.

5.	 IMPACT OF DIARRHEA

Diarrhea can cause discomfort, fatigue, and sleep dis-
turbance, and can affect social functioning because 
patients are reluctant to leave the house. Alterations 
in gastrointestinal transit and digestion can lead to 
nutritional deficiencies that can negatively affect 
quality of life. Severe diarrhea can result in fluid 
and electrolyte loss, which can lead to dehydration, 
electrolyte imbalances, and renal insufficiency28. 
Notably, although most clinical trial results do not 
report moderate diarrhea (grade  2) as a separate 
category (they usually report all grades and grades 3 
and 4), in our expert opinion, grade 2 diarrhea is not 
inconsequential and can have a significant effect on 
quality of life.

Although diarrhea can have a profound effect on 
patients, available evidence suggests that diarrhea is 

an indicator that egfr tkis are working effectively. In 
a retrospective study of patients with nsclc treated 
with gefitinib on the Expanded Access Program 
at the MD Anderson Cancer Center, univariate 
and multivariate analyses were used to determine 
relationships between patient characteristics and 
treatment outcomes. Among patients who received 
gefitinib 250 mg, the presence of diarrhea was identi-
fied as one of the independent predictors of a partial 
response, and the absence of diarrhea was one of the 
predictors of progressive disease69. A study of egfr 
tkis that included data from phase  ii clinical trials 
of gefitinib and erlotinib in patients with recurrent 
and metastatic squamous cell carcinoma of the head 
and neck showed a similar association between egfr 
tki–induced diarrhea and clinical benefit and also an 
association with more favourable overall survival70. 
Finally, combined ae data from the lux-Lung 3 and 
lux-Lung 6 trials comparing afatinib with chemo-
therapy in patients with EGFR mutation–positive 
nsclc showed a trend toward a higher rate of pro-
gression-free survival in patients who had grade 2 or 
greater diarrhea in the first 28 days of treatment with 
afatinib (compared with patients who experienced no 
aes); however, no statistically significant differences 
were observed65.

6.	 MANAGEMENT

Diarrhea associated with taking an egfr tki usually 
ranges from mild (grade 1) to moderate (grade 2). 
Dietary changes and antidiarrheal medications are 
usually sufficient to control diarrhea8,28,29,71. How-
ever, to avoid escalation of symptoms and to prevent 
dose reduction or discontinuation of the egfr tki, it is 
critical to manage symptoms and fluid intake early. 
Management of egfr tki–induced diarrhea is identical 
to management of chemotherapy-induced diarrhea and 
includes patient education and both nonpharmacologic 
and pharmacologic management strategies.

6.1	 Education and Nonpharmacologic Management 
Strategies

Patient education should ideally begin before treat-
ment and continue throughout treatment. Patients 
should be advised to discuss with the health care team 
any symptoms of diarrhea as soon as they occur. It 
is critical that patients understand the importance 
of managing symptoms early and aggressively to 
avoid egfr tki discontinuation, which has negative 
consequences. For the first 4 weeks of treatment, a 
nurse familiar with egfr tki–induced diarrhea should 
be assigned to speak with the patient every week, 
in person or on the telephone, to monitor aes that 
might occur.

Patients should also be advised of nonpharma-
cologic management strategies, which include di-
etary change, fluid intake, and probiotics. A patient 

table ii	 Incidence of diarrhea with epidermal growth factor 
receptor tyrosine kinase inhibitors from selected clinical trials in 
non-small-cell lung cancera

Tyrosine kinase inhibitor Grade (%) of diarrhea

All ≥3

Erlotinib 150 mg
All studies 10–69 0–17
Phase iii studies 18–68 1–12

Gefitinib 250 mg and 500 mg
All studies 27–75 0–25

250 mg 27–58 0–10
500 mg 51–75 5–25

Phase iii studies 27–69 1–25
250 mg 27–58 1–10
500 mg 51–69 12–25

Afatinib 40 mg and 50 mg
All studies 67–100 0–37

40 mg 67–97 0–14
50 mg 87–100 17–37

Phase iii studies 87–95 5–17
40 mg 88–95 5–14
50 mg 87 17

Dacomitinib 15 mg, 30 mg, and 45 mg
All studies (phase ii) 77–97 0–15

30 mg 77 0
45 mg 81–97 13–15

a	 Adapted and updated from Hirsh 20118–12,30–66.
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who experiences diarrhea should adopt the brat 
diet (bananas, rice, applesauce, toast) and should 
eliminate greasy, spicy, and fried foods that can 
make symptoms worse and also cruciferous veg-
etables that can increase bloating and abdominal 
cramping. For approximately 1 week after the patient 
experiences diarrhea, milk products should also be 
avoided because of the temporary lactose intolerance 
caused by the decrease in lactase activity that can 
occur with epithelial damage. Dietary changes are 
not recommended in anticipation of diarrhea—that 
is, prophylactically. Once symptoms improve, the 
patient can introduce foods such as eggs, pasta, and 
skinless chicken if tolerated8,28,29,71. In addition to 
dietary changes, patients should drink 3–4 L of fluid 
daily to prevent dehydration. To avoid hyponatremia 
or hypokalemia from loss of electrolytes, some of the 
fluid intake should include sugar or salt21.

There is some evidence that supplementation 
with probiotics might reduce the severity of chemo-
therapy-induced diarrhea and abdominal discom-
fort, with few or no aes72. In a study by Österlund 
et al., Lactobacillus supplementation reduced the 
frequency of grades 3 and 4 diarrhea73. Compared 
with patients in the control arm of the study, patients 
who received supplementation with Lactobacillus 
during chemotherapy also reported less abdominal 
discomfort and had fewer chemotherapy dose reduc-
tions73, findings that might potentially apply to egfr 
tki–induced diarrhea. However, no clinical trials 
have specifically evaluated the role of probiotics in 
diarrhea caused by egfr tkis.

6.2	 Pharmacologic Management Strategies

Pharmacologic management of egfr tki–induced di-
arrhea is based on the grade of diarrhea experienced 
(Table iii) and is usually limited to loperamide. No 
antidiarrheal medication is taken prophylactically 
because constipation is a risk, especially if the patient 
is already taking narcotics for pain management, and 
because not all patients will develop diarrhea. Should 
diarrhea arise, the patient’s current medication should 
be reviewed, with an emphasis on the removal of stool 
softeners and laxatives.

Before patients initiate egfr tki therapy, they 
should be prescribed an antidiarrheal agent such 
as loperamide and be advised to start taking it im-
mediately upon onset of diarrhea. For mild (grade 1) 
diarrhea, the patient should take 4 mg (2 tablets) 
of loperamide immediately after symptoms begin 
and then 2 mg (1 tablet) after each loose stool to a 
maximum of 20 mg daily until 12 hours have passed 
with no episodes of diarrhea. If diarrhea persists 
or becomes moderate (grade 2), the patient should 
continue with loperamide (to a maximum of 20 mg 
daily, as for grade 1) and be assessed for dehydration 
and electrolyte imbalances. If the diarrhea reaches 
grade 3 or 4, the patient should be hospitalized. At 

that point, loperamide should be continued, and 
aggressive intravenous fluid replacement should be 
initiated. In addition, infection should be ruled out 
by stool culture, and if the patient is neutropenic, 
antibiotics should be given prophylactically8,21. Al-
though it might not be necessary for the oncologist 
to consult with a gastroenterologist on an outpatient 
basis to manage a patient’s diarrhea, a gastroenter-
ologist might be consulted once a patient is admitted 
to hospital, especially if an endoscopic evaluation 
is required.

Alternatives to loperamide are diphenoxylate–at-
ropine and codeine, either of which can be used with 
loperamide. Patients should take 5 mg (2 tablets) of 
diphenoxylate–atropine 4 times daily (maximum of 
20 mg daily) or 30 mg codeine every 4 hours29.

The dose of the egfr tki should be maintained in 
the presence of grade 1 diarrhea. At grade 2, if the 
patient does not respond to loperamide after 48 hours, 
the egfr tki should be temporarily discontinued until 
the diarrhea returns to grade 1, at which time the 
egfr tki should be resumed using these guidelines:

•	 Lower the afatinib dose by 10 mg at a time to a 
minimum dose of 20 mg.

•	 Lower the erlotinib dose by 50 mg at a time to a 
minimum dose of 50 mg (no sufficient data on 
efficacy are available in the literature).

•	 Resume gefitinib only at the original dose (the dose 
of gefitinib cannot be lowered and no data on its 
efficacy with a modified schedule are available)8,21.

For grade 3 or 4 diarrhea, the egfr tki should be 
withheld until diarrhea reaches grade 1, after which 
the egfr tki should be resumed using the guidelines 
already stated. The egfr tki should be permanently 
discontinued if diarrhea does not reach grade 1 within 
14 days despite best supportive care and withholding 
of the tki7,20.

Earlier algorithms have suggested the use of 
octreotide if dose reduction or discontinuation of the 
egfr tki was ineffective8, but in practice, the need 
for octreotide is extremely rare, and no direct clini-
cal study supports the efficacy of octreotide in egfr 
tki–induced diarrhea.

7.	 SUMMARY

In nsclc, targeting the egfr signalling pathway has 
been shown to be an effective strategy for treatment, 
resulting in improved clinical outcomes. The clini-
cal success of these treatments is associated with a 
number of aes, including diarrhea. The efficacy of 
egfr tkis is frequently correlated with the presence 
of diarrhea.

The key to managing diarrhea is to educate pa-
tients about this ae before treatment starts. Patients 
should be monitored weekly for the first 4 weeks of 
treatment, which is the period during which diarrhea 
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will most likely occur. Nonpharmacologic manage-
ment strategies include dietary changes, supplemental 
hydration, and electrolyte replenishment. Pharmaco-
logic strategies include the avoidance of laxatives and 
the introduction of loperamide or diphenoxylate–
atropine. Early management of egfr tki–induced diar-
rhea can lower the incidence of high-grade events that 
could lead to hospitalization and drug discontinuation 
and, most importantly, can improve quality of life for 
this group of patients.

8.	 ACKNOWLEDGMENTS

The authors acknowledge medical writing support from 
Cathie Bellingham, phd, of New Evidence; that support 
was funded by Boehringer Ingelheim (Canada).

9.	 CONFLICT OF INTEREST DISCLOSURES

VH has participated on the advisory boards of 
Boehringer Ingelheim, Roche, AstraZeneca, Pfizer, 
Amgen, and Merck. NB has participated on the advi-
sory panel of Boehringer Ingelheim. SV has received 
honoraria from or participated on the advisory boards 
of Boehringer Ingelheim, Roche, AstraZeneca, and 
Pfizer, and has received research funding from Roche 
and Sanofi. KC has participated on advisory boards 
for Takea National and Boehringer Ingelheim and has 
received educational grants from Ferring, AbbVie, 
and Janssen. RB has no financial conflict of interest 
relating to this paper.

10.	REFERENCES

	 1.	 American Cancer Society. Home > Learn About Cancer > 
Lung Cancer–Non-Small Cell > Detailed Guide > What is 
non-small cell lung cancer? [Web page]. Atlanta, GA: Ameri-
can Cancer Society; 2014. [Available at: http://www.cancer.
org/Cancer/LungCancer-Non-SmallCell/DetailedGuide/non-
small-cell-lung-cancer-what-is-non-small-cell-lung-cancer; 
cited May 19, 2014]

	 2.	 American Cancer Society. Cancer Facts and Figures 2013. 
Atlanta, GA: American Cancer Society; 2013.

	 3.	 Ladanyi M, Pao W. Lung adenocarcinoma: guiding egfr-
targeted therapy and beyond. Mod Pathol 2008;21(suppl 
2):S16–22.

	 4.	 Carpenter RL, Lo HW. Dacomitinib, an emerging her-
targeted therapy for non-small cell lung cancer. J Thorac Dis 
2012;4:639–42.

	 5.	 Jang TW, Oak CH, Chang HK, Suo SJ, Jung MH. EGFR and 
KRAS mutations in patients with adenocarcinoma of the lung. 
Korean J Intern Med 2009;24:48–54.

	 6.	 American Cancer Society. Home > Learn About Cancer > 
Lung Cancer–Non-Small Cell > Detailed Guide > Targeted 
therapies for non-small cell lung cancer [Web page]. At-
lanta, GA; 2014. [Available at: http://www.cancer.org/cancer/
lungcancer-non-smallcell/detailedguide/non-small-cell-lung-
cancer-treating-targeted-therapies; cited May 6, 2014]

	 7.	 Shaw A, Rudin C, Spigel A, Goss G. Molecular Markers 
in Advanced NSCLC (Part 2): Results of Broad Testing in 
Advanced NSCLC [slide presentation]. Boston, MA; 2012. 
[Available online at: http://cancergrace.org/lung/files/2012/04/
Molecular-Markers-SM-Pt-2-Shaw-on-Markers-by-Clin-
Factors-Figs.pdf; cited May 1, 2012]

	 8.	 Hirsh V. Managing treatment-related adverse events associated 
with egfr tyrosine kinase inhibitors in advanced non-small-
cell lung cancer. Curr Oncol 2011;18:126–38.

	 9.	 Fukuoka M, Yano S, Giaccone G, et al. Multi-institutional 
randomized phase  ii trial of gefitinib for previously treated 
patients with advanced non-small-cell lung cancer (the ideal 1 
trial) [corrected]. J Clin Oncol 2003;21:2237–46. [Erratum in: 
J Clin Oncol 2004;22:4863]

	10.	 Rosell R, Carcereny E, Gervais R, et al. on behalf of the 
Spanish Lung Cancer Group in collaboration with Groupe 
Français de Pneumo-Cancérologie and Associazione Italiana 
Oncologia Toracica. Erlotinib versus standard chemotherapy 

table iii	 Pharmacologic intervention for diarrhea induced by 
epidermal growth factor receptor (egfr) tyrosine kinase inhibitors 
(tkis)21, based on ctcae grade

Grade Intervention

1 Mild Stop laxatives. Drink 8–10 glasses of clear 
fluids daily. Immediately start loperamide: 
4 mg (2 tablets) followed by 2 mg (1 tablet) 
after each loose stool (up to 20 mg daily) 
until bowel movements cease for 12 hours.

Maintain dose level of egfr tki.

2 Moderate See grade 1.

Continue loperamide. Assess for dehydra-
tion and electrolyte imbalance. Consider in-
travenous fluids and electrolyte replacement.

If diarrhea does not improve after 48 hours, 
temporarily discontinue egfr tki. Upon im-
provement to grade 1, restart egfr tki at a 
reduced dose (except gefitinib, which should 
be restarted at the original dose).

3 Severe See grade 2

Plus: Use stool cultures to rule out an infec-
tious process. Apply aggressive intravenous 
f luid replacement for 24 hours or more. 
Use hospitalization to monitor the patient’s 
progress. Consider prophylactic antibiotics 
if the patient is also neutropenic.

Temporarily discontinue egfr tki. Upon 
improvement to grade  1, restart egfr tki 
at a reduced dose (except gefitinib, which 
should be restarted at the original dose). 
Permanently discontinue egfr tki if diarrhea 
does not return to grade 1 within 14 days 
despite treatment discontinuation and best 
supportive care.

4 Life-threatening See grade 3

5 Death

ctcae = Common Terminology Criteria for Adverse Events (ver-
sion 4.03)27.



HIRSH et al.

334
Current Oncology—Volume 21, Number 6, December 2014
Copyright © 2014 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).

as first-line treatment for European patients with advanced 
EGFR mutation–positive non-small-cell lung cancer (eurtac): 
a multicentre, open-label, randomised phase 3 trial. Lancet 
Oncol 2012;13:239–46.

	11.	 Zhou C, Wu YL, Chen G, et al. Erlotinib versus chemo-
therapy as first-line treatment for patients with advanced 
EGFR mutation–positive non-small-cell lung cancer (optimal, 
ctong-0802): a multicentre, open-label, randomised, phase 3 
study. Lancet Oncol 2011;12:735–42.

	12.	 Mitsudomi T, Morita S, Yatabe Y, et al. on behalf of the 
West Japan Oncology Group. Gefitinib versus cisplatin plus 
docetaxel in patients with non-small-cell lung cancer har-
bouring mutations of the epidermal growth factor receptor 
(wjtog3405): an open label, randomised phase 3 trial. Lancet 
Oncol 2010;11:121–8.

	13.	 Landi L, Cappuzzo F. Irreversible egfr-tkis: dreaming perfec-
tion. Transl Lung Cancer Res 2013;2:40–9.

	14.	 Stoehlmacher–Williams J, Ehninger G, Zimmermann DR, 
Merkelbach–Bruse S, Schildhaus HU, Buettner R. Targeting 
tki-resistance in nsclc: importance of rebiopsy and molecular 
diagnostics—a case study. Cancer Treat Comm 2013;1:1–5.

	15.	 Meador CB, Jin H, de Stanchina E, et al. Acquired resistance 
to afatinib plus cetuximab in EGFR-mutant lung adenocarci-
noma may be mediated by egfr overexpression and overcome 
by the mutant-specific egfr inhibitor, AZD9291 [abstract B10]. 
Clin Cancer Res 2014;20(suppl 2):.

	16.	 Belani CP. The role of irreversible egfr inhibitors in the treat-
ment of non-small cell lung cancer: overcoming resistance to 
reversible egfr inhibitors. Cancer Invest 2010;28:413–23.

	17.	 Li D, Ambrogio L, Shimamura T, et al. BIBW2992, an ir-
reversible egfr/her2 inhibitor highly effective in preclinical 
lung cancer models. Oncogene 2008;27:4702–11.

	18.	 Hirsh V. Afatinib (BIBW 2992) development in non-small-cell 
lung cancer. Future Oncol 2011;7:817–25.

	19.	 AstraZeneca Canada. Iressa: Gefitinib Tablets [product 
monograph]. Mississauga, ON: AstraZeneca Canada; 2012.

	20.	 Hoffmann–La Roche. Tarceva: Erlotinib Hydrochloride Tab-
lets [product monograph]. Mississauga, ON: Hoffmann–La 
Roche; 2013.

	21.	 Yang JC, Reguart N, Barinoff J, et al. Diarrhea associated with 
afatinib: an oral ErbB family blocker. Expert Rev Anticancer 
Ther 2013;13:729–36.

	22.	 Harandi A, Zaidi AS, Stocker AM, Laber DA. Clinical efficacy 
and toxicity of anti-egfr therapy in common cancers. J Oncol 
2009;2009:567486.

	23.	 Loriot Y, Perlemuter G, Malka D, et al. Drug insight: 
gastrointestinal and hepatic adverse effects of molecular-
targeted agents in cancer therapy. Nature Clin Pract Oncol 
2008;5:268–78.

	24.	 Uribe JM, Gelbmann CM, Traynor–Kaplan AE, Barrett 
KE. Epidermal growth factor inhibits Ca2+-dependent Cl– 
transport in T84 human colonic epithelial cells. Am J Physiol 
1996;271:C914–22.

	25.	 Bowen JM. Mechanisms of tki-induced diarrhea in cancer 
patients. Curr Opin Support Palliat Care 2013;7:162–7.

	26.	 Lacouture ME, Mitchell EP, Piperdi B, et al. Skin toxicity 
evaluation protocol with panitumumab (stepp), a phase ii, open-
label, randomized trial evaluating the impact of a pre-emptive 
skin treatment regimen on skin toxicities and quality of life 

in patients with metastatic colorectal cancer. J Clin Oncol 
2010;28:1351–7.

	27.	 United States, Department of Health and Human Services, 
National Institutes of Health, National Cancer Institute 
(nci). Common Terminology Criteria for Adverse Events. 
Ver. 4.03. Bethesda, MD; 2010. [Available online at: http://
evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14_
QuickReference_5x7.pdf; cited April 29, 2012]

	28.	 Maroun JA, Anthony LB, Blais N, et al. Prevention and man-
agement of chemotherapy-induced diarrhea in patients with 
colorectal cancer: a consensus statement by the Canadian 
Working Group on Chemotherapy-Induced Diarrhea. Curr 
Oncol 2007;14:13–20.

	29.	 BC Cancer Agency (bcca). BCCA Guidelines for Manage-
ment of Chemotherapy-Induced Diarrhea. Vancouver, BC: 
bcca; 2004. [Available online at: http://www.bccancer.bc.ca/
HPI/CancerManagementGuidelines/SupportiveCare/Chemo​
therapy-Induced+Diarrhea.htm; cited January 13, 2014]

	30.	 Herbst RS, Prager D, Hermann R, et al. on behalf of the tribute 
Investigator Group. tribute: a phase iii trial of erlotinib hydro-
chloride (OSI-774) combined with carboplatin and paclitaxel 
chemotherapy in advanced non-small-cell lung cancer. J Clin 
Oncol 2005;23:5892–9.

	31.	 Shepherd FA, Rodrigues Pereira J, Ciuleanu T, et al. on behalf 
of the nci Clinical Trials Group. Erlotinib in previously treated 
non-small-cell lung cancer. N Engl J Med 2005;353:123–32.

	32.	 Cho BC, Im CK, Park MS, et al. Phase ii study of erlotinib in 
advanced non-small-cell lung cancer after failure of gefitinib. 
J Clin Oncol 2007;25:2528–33.

	33.	 Gatzemeier U, Pluzanska A, Szczesna A, et al. Phase iii study 
of erlotinib in combination with cisplatin and gemcitabine 
in advanced non-small-cell lung cancer: the Tarceva Lung 
Cancer Investigation Trial. J Clin Oncol 2007;25:1545–52.

	34.	 Jackman DM, Yeap BY, Lindeman NI, et al. Phase ii clinical 
trial of chemotherapy-naive patients > or = 70 years of age 
treated with erlotinib for advanced non-small-cell lung cancer. 
J Clin Oncol 2007;25:760–6.

	35.	 Felip E, Rojo F, Reck M, et al. A phase ii pharmacodynamic 
study of erlotinib in patients with advanced non-small cell lung 
cancer previously treated with platinum-based chemotherapy. 
Clin Cancer Res 2008;14:3867–74.

	36.	 Lilenbaum R, Axelrod R, Thomas S, et al. Randomized 
phase ii trial of erlotinib or standard chemotherapy in patients 
with advanced non-small-cell lung cancer and a performance 
status of 2. J Clin Oncol 2008;26:863–9.

	37.	 Mok TS, Wu YL, Yu CJ, et al. Randomized, placebo-con-
trolled, phase ii study of sequential erlotinib and chemotherapy 
as first-line treatment for advanced non-small-cell lung cancer. 
J Clin Oncol 2009;27:5080–7.

	38.	 Bennouna J, Besse B, Leighl NB, et al. Everolimus plus erlo-
tinib versus erlotinib alone in previously treated patients with 
advanced non-small cell lung cancer (nsclc) [abstract 419P]. 
Ann Oncol 2010;21(suppl 8):140.

	39.	 Groen H, Socinski M, Grossi F, et al. Randomized phase ii 
study of sunitinib (su) plus erlotinib (e) vs. placebo (p) plus 
e for the treatment of metastatic non-small cell lung cancer 
(nsclc) [abstract 417P]. Ann Oncol 2010;21(suppl 8):139.

	40.	 Kelly K, Azzoli CG, Zatloukal P, et al. Randomized phase 2b 
study of pralatrexate versus erlotinib in patients with stage iiib/



MANAGEMENT OF EGFR TKI–INDUCED DIARRHEA

335Current Oncology—Volume 21, Number 6, December 2014
Copyright © 2014 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).

iv non-small-cell lung cancer (nsclc) after failure of prior 
platinum-based therapy. J Thorac Oncol 2012;7:1041–8.

	41.	 Scagliotti GV, Krzakowski MJ, Szczesna A, et al. Sunitinib 
(su) in combination with erlotinib (e) for the treatment of ad-
vanced/metastatic nonsmall cell lung cancer (nsclc): a phase iii 
study [abstract LBA6]. Ann Oncol 2010;21(suppl 8):3.

	42.	 Zhao HY, Gongyan C, Feng J, et al. A phase  ii study of 
erlotinib plus capecitabine (xel) as first line treatment for 
Asian elderly patients (pts) with advanced adenocarci-
noma of lung (ml 22206 study) [abstract 420P]. Ann Oncol 
2010;21(suppl 8):140.

	43.	 Natale RB, Thongprasert S, Greco FA, et al. Phase iii trial of 
vandetanib compared with erlotinib in patients with previously 
treated advanced non-small-cell lung cancer. J Clin Oncol 
2011;29:1059–66.

	44.	 Ciuleanu T, Stelmakh L, Cicenas S, et al. Efficacy and safety 
of erlotinib versus chemotherapy in second-line treatment 
of patients with advanced, non-small-cell lung cancer with 
poor prognosis (titan): a randomised multicentre, open-label, 
phase 3 study. Lancet Oncol 2012;13:300–8.

	45.	 Garassino MC, Martelli O, Broggini M, et al. Erlotinib versus 
docetaxel as second-line treatment of patients with advanced 
non-small-cell lung cancer and wild-type EGFR tumours (tai-
lor): a randomised controlled trial. Lancet Oncol 2013;14:981–8.

	46.	 Lee SM, Khan I, Upadhyay S, et al. First-line erlotinib in pa-
tients with advanced non-small-cell lung cancer unsuitable for 
chemotherapy (topical): a double-blind, placebo-controlled, 
phase 3 trial. Lancet Oncol 2012;13:1161–70.

	47.	 Kris MG, Natale RB, Herbst RS, et al. Efficacy of gefitinib, 
an inhibitor of the epidermal growth factor receptor tyrosine 
kinase, in symptomatic patients with non-small cell lung 
cancer: a randomized trial. JAMA 2003;290:2149–58.

	48.	 Giaccone G, Herbst RS, Manegold C, et al. Gefitinib in 
combination with gemcitabine and cisplatin in advanced 
non-small-cell lung cancer: a phase iii trial—intact 1. J Clin 
Oncol 2004;22:777–84.

	49.	 Herbst RS, Giaccone G, Schiller JH, et al. Gefitinib in 
combination with paclitaxel and carboplatin in advanced 
non-small-cell lung cancer: a phase ii trial—intact 2. J Clin 
Oncol 2004;22:785–94.

	50.	 Thatcher N, Chang A, Parikh P, et al. Gefitinib plus best sup-
portive care in previously treated patients with refractory ad-
vanced non-small-cell lung cancer: results from a randomised, 
placebo-controlled, multicentre study (Iressa Survival Evalu-
ation in Lung Cancer). Lancet 2005;366:1527–37.

	51.	 Kim ES, Hirsh V, Mok T, et al. Gefitinib versus docetaxel in 
previously treated non-small-cell lung cancer (interest): a 
randomised phase iii trial. Lancet 2008;372:1809–18.

	52.	 Goss G, Ferry D, Wierzbicki R, et al. Randomized phase ii 
study of gefitinib compared with placebo in chemotherapy-
naive patients with advanced non-small-cell lung cancer and 
poor performance status. J Clin Oncol 2009;27:2253–60.

	53.	 Mok TS, Wu YL, Thongprasert S, et al. Gefitinib or carbopl-
atin-paclitaxel in pulmonary adenocarcinoma. N Engl J Med 
2009;361:947–57.

	54.	 Gaafar RM, Surmont V, Scagliotti G, et al. A double-blind, 
randomized, placebo-controlled phase  iii Intergroup study 
of gefitinib (g) in patients (pts) with advanced nsclc, non-
progressing after first-line platinum-based chemotherapy 

(eortc 08021-ilcp 01/03) [abstract 7518]. J Clin Oncol 2010;28:. 
[Available online at: http://meeting.ascopubs.org/cgi/content/
abstract/28/15_suppl/7518; cited October 20, 2014]

	55.	 Shi Y, Zhang L, Liu X, et al. Icotinib versus gefitinib in previ-
ously treated advanced non-small-cell lung cancer (icogen): a 
randomised, double-blind phase 3 non-inferiority trial. Lancet 
Oncol 2013;14:953–61.

	56.	 Miller VA, Hirsh V, Cadranel J, et al. Phase iib/iii double-blind 
randomized trial of afatinib (BIBW 2992, an irreversible 
inhibitor of egfr/her1 and her2) + best supportive care (bsc) 
versus placebo + bsc in patients with nsclc failing 1–2 lines of 
chemotherapy and erlotinib or gefitinib (lux-Lung 1) [abstract 
LBA1]. Ann Oncol 2010;21(suppl 8):1.

	57.	 Yang C, Shih J, Su W, et al. A phase ii study of BIBW 2992 
in patients with adenocarcinoma of the lung and activating 
EGFR mutations (lux-Lung 2) [abstract 367D]. Ann Oncol 
2010;21(suppl 8):123.

	58.	 lux-Lung 5: afatinib (BIBW 2992) plus weekly paclitaxel 
versus investigator’s choice of single agent chemotherapy 
following afatinib monotherapy in non-small cell lung 
cancer patients failing erlotinib or gefitinib [Web page]. 
Bethesda, MD: ClinicalTrials.gov; 2012. [Available at: 
http://clinical​trials.gov/ct2/show/NCT01085136; cited 
April 25, 2012]

	59.	 Wu YL, Zhou C, Hu CP, et al. lux-Lung 6: a randomized, 
open-label, phase iii study of afatinib (a) versus gemcitabine/
cisplatin (gc) as first-line treatment for Asian patients 
(pts) with EGFR mutation–positive (EGFR M+) advanced 
adenocarcinoma of the lung [abstract 8016]. J Clin Oncol 
2013;31:. [Available online at: http://meetinglibrary.asco.org/
content/112318-132; cited October 20, 2012]

	60.	 Yang JCH, Schuler MH, Yamamoto N, et al. lux-Lung 3: a 
randomized, open-label, phase  iii study of afatinib versus 
pemetrexed and cisplatin as first-line treatment for patients 
with advanced adenocarcinoma of the lung harboring EGFR-
activating mutations [abstract LBA7500]. J Clin Oncol 
2012;30:. [Available online at: http://meetinglibrary.asco.org/
content/91942-114; cited October 20, 2012]

	61.	 Janne PA, Reckamp K, Koczywas M, et al. Efficacy and safety 
of PF-00299804 (PF299) in patients (pt) with advanced nsclc 
after failure of at least one prior chemotherapy regimen and 
prior treatment with erlotinib (e): a two-arm, phase  ii trial 
[abstract 8063]. J Clin Oncol 2009;27:. [Available online at: 
http://meetinglibrary.asco.org/content/32872-65; cited Octo-
ber 20, 2012]

	62.	 Mok T, Spigel DR, Park K, et al. Efficacy and safety of 
PF299804 as first-line treatment (tx) of patients (pts) with 
advanced (adv) nsclc selected for activating mutation (mu) 
of epidermal growth factor receptor (egfr) [abstract LBA18]. 
Ann Oncol 2010;21(suppl 8):8.

	63.	 Ramalingam SS, Blackhall F, Krzakowski M, et al. Random-
ized phase ii study of dacomitinib (PF-00299804), an irrevers-
ible pan-human epidermal growth factor receptor inhibitor, 
versus erlotinib in patients with advanced non-small-cell lung 
cancer. J Clin Oncol 2012;30:3337–44.

	64.	 Takahashi T, Boku N, Murakami H, et al. First report of 
the safety, pharmacokinetics, and preliminary activity of 
PF299804 in Japanese patients (pts) with advanced solid 
tumors [abstract 533P] Ann Oncol 2010;21(suppl 8):174–5.



HIRSH et al.

336
Current Oncology—Volume 21, Number 6, December 2014
Copyright © 2014 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).

	65.	 Yang JCH, Sequist LV, O’Byrne KJ, et al. Epidermal growth 
factor receptor (egfr)–mediated adverse events in patients 
with EGFR mutation positive (EGFR M+) non-small cell 
lung cancer treated with afatinib [abstract 895]. Eur J Cancer 
2013;49(suppl 2):.

	66.	 Katakami N, Atagi S, Goto K, et al. lux-Lung 4: a phase ii 
trial of afatinib in patients with advanced non-small-cell lung 
cancer who progressed during prior treatment with erlotinib, 
gefitinib, or both. J Clin Oncol 2013;31:3335–41.

	67.	 Wu YL, Zhou C, Hu CP, et al. Afatinib versus cisplatin plus 
gemcitabine for first-line treatment of Asian patients with 
advanced non-small-cell lung cancer harbouring EGFR muta-
tions (lux-Lung 6): an open-label, randomised phase 3 trial. 
Lancet Oncol 2014;15:213–22.

	68.	 Sequist LV, Yang JCH, Yamamoto N, et al. Comparative safety 
profile of afatinib in Asian and non-Asian patients with EGFR 
mutation–positive (EGFR M+) non-small cell lung cancer 
(nsclc) [abstract P3.11-023]. J Thorac Oncol 2013;8(suppl 
2):S1197.

	69.	 Thomas SK, Fossella FV, Liu D, et al. Asian ethnicity as a 
predictor of response in patients with non-small-cell lung 
cancer treated with gefitinib on an expanded access program. 
Clin Lung Cancer 2006;7:326–31.

	70.	 Cohen EE, Halpern AB, Kasza K, Kocherginsky M, Williams 
R, Vokes EE. Factors associated with clinical benefit from 
epidermal growth factor receptor inhibitors in recurrent and 
metastatic squamous cell carcinoma of the head and neck. 
Oral Oncol 2009;45:e155–60.

	71.	 Saltz LB. Understanding and managing chemotherapy-induced 
diarrhea. J Support Oncol 2003;1:35–46.

	72.	 Salari P, Nikfar S, Abdollahi M. A meta-analysis and sys-
tematic review on the effect of probiotics in acute diarrhea. 
Inflamm Allergy Drug Targets 2012;11:3–14.

	73.	 Österlund P, Ruotsalainen T, Korpela R, et al. Lactobacil-
lus supplementation for diarrhoea related to chemotherapy 
of colorectal cancer: a randomised study. Br J Cancer 
2007;97:1028–34.

Correspondence to: Vera Hirsh, Royal Victoria 
Hospital, 687 Pine Avenue West, Montreal, Quebec  
H3A 1A1.
E-mail: vera.hirsh@muhc.mcgill.ca

*	� Hematology–Oncology Services, Santa Cabrini 
Hospital, and Department of Oncology, Faculty 
of Medicine, McGill University, Montreal, QC.

†	� Department of Medicine, University of Montreal, 
Montreal, QC.

‡	� Division of Hematology/Medical Oncology, 
University of Toronto, Mount Sinai Hospital, and 
The Princess Margaret Hospital Cancer Centre, 
Toronto, ON.

§	� University of Toronto and Medical Oncology/
Hematology, Sunnybrook Health Sciences Cen-
tre, Toronto, ON.

||	� University of Toronto, and Division of Gastro-
enterology, Zane Cohen Centre for Digestive 
Diseases, Mount Sinai Hospital, Toronto, ON.


