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ABSTRACT

KEY WORDS

Background: Prognosis remains poor after progression on first-line chemotherapy for colorectal adenocarcinoma, and 
inactivation of the EGFR pathway with monoclonal antibodies is an effective treatment strategy in selected patients with 
metastatic disease. Lapatinib is an oral EGFR and HER-2 dual tyrosine kinase inhibitor that has not shown significant 
activity in metastatic colorectal cancer. However, lapatinib may act synergistically with capecitabine in anticancer effects. 
Methods: This was an open-label, non-randomized phase II study of lapatinib 1,250 mg orally daily and capecitabine 
2,000 mg/m2 by mouth split into twice-daily dosing for 14 days of a 21 days cycle. Inclusion criteria included metastatic 
or locally advanced adenocarcinoma of the colon or rectum with progression by RECIST on or within six months of 
receiving a fluoridopyrimidine-, oxaliplatin- or irinotecan-containing regimen. Prior EGFR monoclonal antibody was 
permitted. K-ras testing was not routinely performed and was not a part of the study protocol. 
Results: Twenty nine patients (16 M; 13 F) were enrolled in this study. There were no complete or partial responses. 
41.4% of patients achieved stable disease as a best response. Median overall survival was 6.8 months, with a 1-year surviv-
al rate of 22%, and median progression-free survival was 2.1 months. The combination produced few grade 3 and no grade 
4 toxicities. No grade 3 toxicity occurred in more than 10% of patients. 
Conclusions: Although capecitabine and lapatinib is well tolerated, it is not an effective regimen in patients with refrac-
tory colorectal adenocarcinoma. 
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Background

Colorectal adenocarcinoma is the second-leading cause 
of cancer-related death in the United States (1). Advances 
in care for patients with metastatic disease include the 

addition of irinotecan and oxaliplatin to 5-f luorouracil 
chemotherapy. These treatments have improved the tumor 
response rates, and in some studies they have increased 
overall survival (2-5). After progression of disease on first-
line therapy, however, the prognosis is poor. The response 
rate of second-line chemotherapy is low regardless of the 
agents chosen. For example, oxaliplatin with f luorouracil 
and leucovorin is only 15%, while second line irinotecan 
with f luorouracil and leucovorin is only 4% (6). Clearly, 
novel therapies to treat patients with refractory colorectal 
cancers are needed.

Lapatinib is an oral dual tyrosine kinase inhibitor of the 
epidermal growth factor receptor (EGFR) and HER 2/
ErbB2 receptor (7). Activation of either EGFR or ErbB2 
initiates a series of signaling cascades that includes mitogen-



91Journal of Gastrointestinal Oncology, Vol 3, No 2 June 2012 

activated protein k inase (M A PK), phosphoinosit ide 
3-kinase (PI3K), Akt, and p70S6K (8). Inhibition of EGFR 
with monoclonal antibodies (cetuximab, panitumumab) has 
been shown to generate stable disease and some objective 
responses; additionally, overall survival was improved in 
some studies (9,10). However, it has also been shown that 
only tumors with wild-type k-ras gene respond to EGFR 
directed therapy (11). HER-2 is over-expressed in a small 
percentage of patients but the clinical significance of HER-2 
in colorectal cancers remains unknown (12). Oral tyrosine 
kinase inhibitors have not previously had a role in the 
treatment of colorectal cancer (13,14).    

The combination of capecitabine and lapatinib is a well 
studied and effective regimen in metastatic breast cancer 
and may provide a novel approach for the treatment of 
colon cancer. Capecitabine is an oral f luoropyrimidine 
that has been shown to be effective in treating colorectal 
cancers, both in the metastatic (15) and adjuvant (16) 
settings. Capecitabine and 5-FU function, in part, by 
downregulating thymidylate synthetase (TS), an enzyme 
involved in DNA synthesis and repair. Downregulation of 
TS is thought to be a major mechanism of cytotoxicity (17). 
Although lapatinib may have limited single agent activity 
in this disease (see reference above), lapatinib may act 
synergistically with capecitabine by downregulating TS 
(18). In a large phase III study of women with metastatic 
breast cancer, the combination of capecitabine plus lapatinib 
improved progression free survival by 4 months when 
compared with capecitabine monotherapy. Treatment was 
well tolerated with the most common side effects including 
diarrhea, nausea, vomiting, rash and hand-foot syndrome 
(19). This combination has not been evaluated in patients 
with metastatic colorectal cancer.

To eva luate the ef fect iveness of capecitabine and 
lapatinib in advanced, refractory colorectal cancer, we 
conducted a multicenter, open-label, phase II study of this 
combination through the Wisconsin Oncology Network 
(WON).

Methods

Patients

Patients were eligible if they were over the age of 18 with 
an Eastern Cooperative Oncology Group performance 
status (ECOG PS) 0-1, and able to provide informed 
consent for the study. Patients had to have pathologically 
confirmed metastatic or locally advanced colon or rectal 
adenocarcinoma and documented progressive disease by 
Response Evaluation Criteria in Solid Tumors (RECIST) 
during prior treatment or within 6 months of their most 

recent dose of chemotherapeutic regimen containing a 
f luoropyrimidine, oxaliplatin or irinotecan. Patients may 
have previously received anti-EGFR monoclonal antibodies, 
bevacizumab, f luoropyrimidine, oxaliplatin or irinotecan-
based treatments. However, prior EGFR testing including 
H ER-2 analysis or k-ras mutational analysis was not 
considered in this study. At the time this study was initiated 
the significance of k-ras mutational status was not known. 
Patients had to have measureable disease (R ECIST 1.0) 
(20), hemoglobin ≥9.0 g/dL, absolute neutrophil count 
≥1,500/μL, platelet ≥100,000/μL, creatinine ≤2x the upper 
limit of normal or creatinine clearance ≥30 mg/mL, bilirubin 
≤2 times the upper limit of normal, AST ≤2 times the upper 
limit of normal or ≤5 times the upper limit of normal if liver 
metastasis were present. Toxicities other than neuropathy 
and alopecia related to prior treatment had to be grade 1 or 
resolved prior to enrollment. All patients provided signed 
informed consent.

Exclusion criteria included prior use of oral tyrosine 
kinase inhibitor (gefitinib or erlotinib), active inflammatory 
bowel disease, significant bowel obstruction as defined 
by the investigator, chronic diarrhea (≥ grade 2), known 
HIV/AIDS, central nervous system metastasis, current 
hepatic or biliary disease with the exception of Gilbert's 
disease, gallstones, metastatic disease to the liver or stable 
chronic liver disease (at the investigator's assessement) or 
uncontrolled cardiovascular disease including an abnormal 
ejection fraction. Patients could not have an active second 
malignancy except for adequately treated basal cell or 
squamous cell skin cancer, in situ cervical cancer, or other 
cancer for which the patient has been disease-free for at 
least 3 years. All women of child-bearing age had to either 
be surgically sterile or on oral contraceptives and were 
required to have a negative urine pregnancy test within 7 
days of enrollment in the study.

Study design

This was a single arm, open-label phase II study. Lapatinib 
was administered at 1,250 mg by mouth daily one hour 
before or after breakfast on a continuous basis and not by 
weight or body surface area (BSA). Lapatinib was taken 
daily without planned breaks in treatment. Capecitabine 
was given at 2,000 mg/m2 of BSA, by mouth, divided into 
twice daily dosing on days 1 though 14. Each cycle was 
defined as 21 days. Doses were based on current body weight. 

Study assessments

All patients had measureable disease at enrollment and disease 
response was defined by RECIST 1.0. Toxicity was determined 
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by the National Cancer Institute's Common Terminology 
Criteria for Adverse Reactions (NCI-CTCAE) version 3.0. 
Patients had repeat history and physical examinations every 
3 weeks, lab work every 3 weeks and a radiologic examination 
every 9 weeks to determine tumor response.

Toxicity

Toxicity grades were assigned using the National Cancer 
Institute Common Toxicity Criteria for Adverse Events, 
version 3 (2006). Dose reductions for both lapatinib and 
capecitabine were allowed for toxicities grades 2 and 3. For 
grade 2 or 3 hematologic toxicity, bilirubin elevated less 
than or equal to two times the upper limit of normal, and 
grade 2 cardiac events both capecitabine and lapatinib were 
held until the toxicity was grade 0 or 1. Thereafter, lapatinib 
could be resumed at full dose; if the event appeared 3 or 
more times lapatinib could be dose reduced to 1,000 mg and 
required dose reduction with 4 episodes of grade 2 cardiac 
toxicity. Capecitabine required a dose reduction of 25% with 
1-2 events, 50% with 3 events and discontinuation of therapy 
with 4 hematologic events. Dose reductions were required 
for capecitabine in patients with renal dysfunction with a 
creatinine clearance less than 51 mL/min. If the creatinine 
clearance was 30-50 mL/min, capecitabine was reduced by 
25%. For creatinine clearance <30 mL/min, capecitabine 
was to be discontinued. If AST elevation >3 times the 
upper limit of normal and total bilirubin >2 times the upper 
limit of normal (35% direct) then study drugs were to be 
discontinued. If AST was >3 but <5 times the upper limit 
of normal and total bilirubin was ≤2 times the upper limit 
of normal without symptoms of hepatitis then study drug 
was held until lab values normalized. If the liver function 
tests stayed abnormal for 4 or more weeks, the patient was 
to be taken off study. Any grade 3 or 4 heart failure event or 
interstitial pneumonitis required withdrawal from the study 
or permission from the study chair to remain on study. 
Grade 4 toxicity of any kind required consultation with 
study chair to determine dose reductions and consideration 
for withdrawal from study. Supportive medications were 
allowed at the discretion of the investigator including 
antiemetics, anti-anxiolytics and anti-diarrheals.

Statistical analysis

The statistical design for this study is based on the primary 
endpoint of tumor response (RECIST) within the first 18 
weeks of treatment with this regimen. Patients whose tumors 
showed complete response (CR) or partial response (PR) 
were classified as a response to treatment. All patients meeting 
the eligibility criteria who signed a consent form and began 

treatment were followed for one year or until death. The study 
used a two-stage Simon-Optimal study design permitting 
early termination for poor results. The design assumed that 
0.05 success rate would be considered as unacceptably low 
and that a success rate of at least 0.2 would be considered 
promising. The design (with the null hypothesis that the true 
success rate is at most 5%) had a one-sided significance level 
of 5% and 85% power to detect a success probability of 20%. 
The maximum sample size was thus 39 [with an additional 
4 (~10%) patients accrued to protect against ineligiblilities, 
cancellations, major violations, etc.]. 

The first stage enrolled 18 patients and required 2 or 
more objective responses to continue on to the second stage. 
Accrual was not suspended after the first 18 patients to 
evaluate for disease progression. The study was designed to 
be terminated if there were 0 or 1 responses in the first stage. 
If >1 response was seen, Stage 2 would enroll 21 additional 
patients. If there were 4 or less responses of the 39 patients 
then no further studies would be recommended. 

Primary endpoint was overall response rate (OR R). 
Secondar y outcomes included overal l sur v ival (OS), 
progression-free survival (PFS) and toxicity. The survival 
function for OS was estimated using Kaplan-Meier method. 
Though not planned in the original protocol, subgroup 
analysis was performed with respect to prior use of EGFR 
monoclonal antibody (cetuximab and panitumumab) and 
k-ras mutational status. Comparison of overall survival 
between those with and without prior EGFR monoclonal 
antibody use was performed with the log-rank test.  

The study was approved by the institutional review board 
at each institution that participated and conducted with 
adherence to good clinical practices (GCP). 

Results

Demographics

The first patient was enrolled in June 2008, with the last 
patient enrolled in April 2009, for an average enrollment 
rate of 2.6 patients per month. The patient population was 
primarily Caucasian (97%) and 55% male (see Table 1). The 
majority of patients did not have K-ras mutational analysis 
done. Most patients (72%) were ECOG PS 1. Twenty 
patients had prior EGFR monoclonal antibody use. The 
enrolled patients were heavily pretreated, with a mean of 3.3 
prior chemotherapy regimens (range, 1-9). Of the 4 patients 
with known wild type K-ras status, 2 had not received a 
prior EGFR monoclonal antibody. Enrollment in the study 
was terminated after 29 patients when the stopping criterion 
was met with no objective responses among the 18 patients 
evaluable for response.
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Efficacy

The overall response rate was 0% with no partial or complete 
responses. Twelve patients had stable disease for an overall 
disease control rate of 41.4% (95% confidence interval 
23.5-61.1%). The disease control rate was not significantly 
different between those with and without prior EGFR usage 
(data not shown).

Median overall survival was 6.8 months (95% CI 3.5-
10.6 months, Figure 1). Overall survival did not differ based 
upon prior EGFR monoclonal antibody usage (Figure 2). 
One-year survival rate was 22% (95% CI 11-48%). At the 
time of the final analysis, there were 4 patients still alive. 
Median progression-free survival was 2.1 months (95% CI 
2.0-3.5 months, Figure 3) and did not differ based upon 
prior EGFR monoclonal antibody usage (Figure 4). 

Safety analysis

Toxicities are listed in table 2. Toxicities were generally mild 
(grade 1 and 2) and comparable with previous published 

Table 1. Baseline patient demographic and disease characteristics 
of the enrolled patients.

Characteristics n [%]

Age (years)

Median 63

Range 38-83

Sex 

Male 16 [55]

Female 13 [45]

Race

Caucasian 28 [97]

Asian 1 [3]

Primary site

Colon 18 [62]

Rectal 9 [31]

Rectosigmoid 2 [7]

K-ras status 

Wild type 4 [14]

Mutant 6 [21]

Unknown 19 [66]

Prior EGFR usage

Yes 20 [69]

No 9 [31]

ECOG Performance status

0 8 [28]

1 21 [72]

studies of capecitabine and lapatinib. The most common 
toxicities were fatigue (83% any grade), hand-foot syndrome 
(69% any grade) and diarrhea (59% any grade).  The most 
severe toxicities were hand-foot syndrome (3 patients, 
or 10%, with grade 3 severity) and diarrhea, nausea, and 
fatigue, each affecting 2 patients (7%) with grade 3 severity.  
There were no grade 4 or 5 adverse events. 

Conclusions

In this open-label, phase II study of capecitabine and 
lapatinib in metastatic colorectal adenocarcinoma activity 
of the combination for refractory colorectal cancer was 
limited. Though this regimen was well tolerated in general, 
there were some grade 2 adverse events noted. 

There were coincident limitations to this study. First, this 
study was designed prior to routine K-ras testing. Patients 
with K-ras mutations are unlikely to benefit from EGFR 
inhibition. Though the only approved treatments that target 
the EGFR in colorectal adenocarcinoma are monoclonal 
antibodies cetuximab and panitumumab, oral tyrosine 
kinase inhibitors such as lapatinib could potentially provide 
a therapeutic alternative in the K-ras wild type population. 
I n ou r st udy, on ly a m i nor it y of pat ients had K-ras 
mutational analysis. Of the 4 patients with known K-ras wild 
type, only 2 of these patients had not been pre-treated with 
a monoclonal antibody. Although neither of these patients 
had a response, they both had stable disease (5, 7 mo). It is 
unclear if there is any benefit in K-ras wild type patients as 
there were too few patients to analyze in this subset analysis.

There are no published clinical trials assessing the utility 
of sequential therapy with panitumumab after progression 
on cetuximab or vice versa. There has been one published 
study of lapatinib use after monoclonal antibody failure 
and this study failed to show any clinical benefit with 
lapatinib monotherapy (21). The optimal arena to test this 
combination therefore may be prior to EGFR antibody 
administration in the treatment of k-ras wild type tumors.  

There are pre-clinical data suggesting that lapatinib, 
a t y rosi ne k i nase i n h ibitor t hat i n h ibits t he EGF R 
pathway along with HER-2, may act synergistically with 
capecitabine through the down regulation of resistance 
factors such as TS. Our study did not show activity with this 
regimen, suggesting that lapatinib was unable to overcome 
fluoropyrimidine resistance. 

Our study was designed using the two-stage Simon-
Optimal study design. Although the study was designed 
to be terminated if there were 0 or 1 responses in the first 
18 patients, the study was also designed not to be delayed 
while the first 18 patients were evaluated for a response. 
This led to an additional 11 patients enrolled in our study, 



Frank et al. Capecitabine and lapatinib in advanced colorectal cancer94

1.0

0.8

0.6

0.4

0.2

0.0

0                                            6                                          12                                         18

time (months)

pr
op

or
tio

n 
su

rv
iv

in
g

Overall survival

1.0

0.8

0.6

0.4

0.2

0.0

0                                            6                                           12                                         18

time (months)

pr
op

or
tio

n 
su

rv
iv

in
g

Overall survival

no EGFR
prior EGFR

1.0

0.8

0.6

0.4

0.2

0.0

0                                           6                                         12                                       18

time (months)

pr
op

or
tio

n 
su

rv
iv

in
g 

pr
og

re
ss

io
n-

fr
ee

Progression-free survival

1.0

0.8

0.6

0.4

0.2

0.0

0                                           6                                         12                                       18

time (months)

pr
op

or
tio

n 
su

rv
iv

in
g 

pr
og

re
ss

io
n-

fr
ee

no EGFR
prior EGFR

Progression-free survival

Figure 1. Kaplan-Meier Curve of Overall Survival.

Figure 3. Kaplan-Meier Curve of Progression Free Survival. Figure 4. Kaplan-Meier Curve of Progression Free Survival based 
upon EGFR typing.

Figure 2. Kaplan-Meier Curve of Overall Survival based upon 
EGFR typing.

for 0 responses in a total of 29 patients. While eliminating 
suspension of accrual pending an interim analysis can lead 
to faster accrual, it can also unnecessarily enroll additional 
patients in studies where the efficacy is in question. We 
would advocate for halting studies for interim analysis to 
reduce the number of patients unnecessarily treated with 
ineffective investigational therapies in clinical studies.  The 
relatively rapid accrual rate, however, highlights the ongoing 

need for more therapeutic options in this patient population.
In summar y, the combination of capecitabine and 

lapatinib failed to show any clinical activity in heavily 
pretreated patients with colorectal adenocarcinoma. Further 
studies could be considered to evaluate this combination 
as an oral alternative therapy to an intravenous monoclonal 
antibody in patients with K-ras wild type tumors without 
prior monoclonal antibody therapy.
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Table 2. Toxicity observed during the trial.

Toxicity Grade 1 [%] Grade 2 [%] Grade 3 [%] Any Grade [%]

Diarrhea 9 [31] 6 [21] 2 [7] 17 [59]

Nausea 6 [21] 4 [14] 2 [7] 12 [41]

Vomiting 3 [10] 0 1 [3] 4 [14]

Fatigue 16 [55] 6 [21] 2 [7] 24 [83]

Neuropathy 6 [21] 0 0 6 [21]

Acneiform Rash 5 [17] 3 [10] 0 8 [28]

Hand Foot Syndrome 10 [34] 7 [24] 3 [10] 20 [69]

Mucositis 8 [28] 4 [14] 1 [3] 13 [45]

Small bowel obstruction 0 0 1 [3] 1 [3]

Anemia 14 [48] 3 [10] 0 17 [59]

Neutropenia 2 [7] 1 [3] 0 3 [10]

Thrombocytopenia 5 [17] 0 0 5 [17]

Hyperbilirubinemia 2 [7] 2 [7] 0 4 [14]

Ocular Surface conjunctivitis 0 0 1 [3] 1 [3]

Infection 0 0 1 [3] 1 [3]

Anorexia 6 [21] 0 1 [3] 7 [24]

Paronychia 1 [3] 2 [7] 0 3 [10]
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