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JOURNAL OF CLINICAL ONCOLOGY O R I G I N A L R E P O R T

Phase I/II Trial of Labetuzumab Govitecan (Anti-CEACAM5/
SN-38 Antibody-Drug Conjugate) in Patients With
Refractory or Relapsing Metastatic Colorectal Cancer
Efrat Dotan, Steven J. Cohen, Alexander N. Starodub, Christopher H. Lieu, Wells A. Messersmith, Pamela S.
Simpson, Michael J. Guarino, John L. Marshall, Richard M. Goldberg, J. Randolph Hecht, William A. Wegener,
Robert M. Sharkey, Serengulam V. Govindan, David M. Goldenberg, and Jordan D. Berlin

A B S T R A C T

Purpose
The objectives were to evaluate dosing schedules of labetuzumab govitecan, an antibody-drug
conjugate targeting carcinoembryonic antigen-related cell adhesion molecule 5 (CEACAM5) for
tumor delivery of 7-ethyl-10-hydroxycamptothecin (SN-38), in an expanded phase II trial of patients
with relapsed or refractory metastatic colorectal cancer.

Patients and Methods
Eligible patients with at least one prior irinotecan-containing therapy received labetuzumab govi-
tecan once weekly at 8 and 10 mg/kg, or two times per week at 4 and 6 mg/km on weeks 1 and 2 of
3-week repeated cycles. End points were safety, response, pharmacokinetics, and immunogenicity.

Results
Eighty-six patients who had undergone a median of five prior therapies (range, one to 13) were each
enrolled into one of the four cohorts. On the basis of Response Evaluation Criteria in Solid Tumors
1.1, 38% of these patients had a tumor as well as plasma carcinoembryonic antigen reduction from
baseline after labetuzumab govitecan treatment; one patient achieved a partial response with
a sustained response spanning. 2 years, whereas 42 patients had stable disease as the best overall
response. Median progression-free survival and overall survival were 3.6 and 6.9 months, re-
spectively. The major toxicities (grade $ 3) among all cohorts were neutropenia (16%), leukopenia
(11%), anemia (9%), and diarrhea (7%). The antibody-drug conjugate’smean half-life was 16.5 hours
for the four cohorts. Anti-drug/anti-antibody antibodies were not detected. The two once-weekly
dose schedules, showing comparable toxicity and efficacy, were chosen for further study.

Conclusion
Monotherapy with labetuzumab govitecan demonstrated a manageable safety profile and thera-
peutic activity in heavily pretreated patients with metastatic colorectal cancer, all with prior irino-
tecan therapy. Further studies of labetuzumab govitecan treatment alone or in combination with
other therapies in earlier settings are indicated.

J Clin Oncol 35:3338-3346. © 2017 by American Society of Clinical Oncology

INTRODUCTION

In the United States, an estimated 134,490 pa-
tients were diagnosed with colorectal cancer
(CRC) in 2016, and 49,190 died.1,2 At least 50% of
patients with CRC develop metastases, with a 5-
year survival rate of 12.5%.2,3 Treatment of
metastatic CRC (mCRC) includes chemotherapy;
monoclonal antibodies targeting vascular endo-
thelial growth factor or epidermal growth factor
receptor; and the recently approved oral thera-
pies regorafenib, trifluridine, and tipiracil.3-6

These agents, given in combination or sequen-
tially, yield survival approaching 3 years7,8; fur-
ther advances will require new approaches.

An antibody-drug conjugate (ADC) could
deliver cytotoxic agents directly to tumors while
minimizing systemic toxicity.9-12 Although iri-
notecan is a potent drug, it has significant GI and
hematologic toxicity.13-15 Because the topoisomerase-I
inhibitor, 7-ethyl-10-hydroxycamptothecin (SN-38),
is the active metabolite of irinotecan,14 we dem-
onstrated that ADCs using SN-38 have promising
activity in several solid tumor xenograft models.16-20

Labetuzumab is a slowly internalizing humanized
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antibody whose clinical safety and antitumor activity as a radio-
conjugate have been reported.21-23 This agent targets the car-
cinoembryonic antigen-related cell adhesion molecule 5 (CEACAM5)
(CD66e) antigen expressed on many solid cancers,24,25 including
. 80% of CRCs.24,25 We developed labetuzumab govitecan (IMMU-
130), an ADC that uses a proprietary linker to site-specifically couple
SN-38 to labetuzumab.16,26 This results in the delivery of much higher
amounts of active SN-38 to tumors than systemic irinotecan, while
producing lower serum levels of glucuronidated SN-38 (SN-38G),27

potentially reducing the occurrence of diarrhea.28

The first clinical study of labetuzumab govitecan evaluated
doses given every 14 days to patients with mCRC who had been
treated previously with an irinotecan-containing regimen.29

Neutropenia was dose-limiting, and 16 mg/kg was the maxi-
mum tolerated dose (MTD). Disease stabilization was observed,
and one patient receiving 18 treatments experienced a partial
response (PR) lasting 4.7 months, including an 87% decrease in
plasma carcinoembryonic antigen (CEA).29 SN-38 is most ef-
fective in S-phase cells, and because preclinical studies suggested
that more frequent dosing might be more efficacious,26 this
study was undertaken to evaluate two intensified dose regimens.

PATIENTS AND METHODS

This was a phase I/II, open-label, multicenter trial in heavily pretreated
patients with relapsed or refractory mCRC who had received at least one
prior irinotecan-containing regimen. The primary objective was to
evaluate the safety and tolerability of two schedules, each with two doses.
Secondary objectives included assessment of efficacy, pharmacokinetics
(PK), and immunogenicity.

Patients$ 18 years of age withmCRCwith measurable disease but no
lesion $ 10 cm were enrolled. Requirements included CEA serum levels
. 5 ng/mL but , 1,000 ng/mL, Eastern Cooperative Oncology Group
performance status of 0 or 1, and adequate laboratory values. Other el-
igibility criteria included those reported previously for sacituzumab
govitecan.30 The study was conducted in accordance with the Declaration
of Helsinki and Good Clinical Practice guidelines. All patients signed
informed consent, and the protocols were approved by responsible in-
vestigational review boards.

Labetuzumab govitecan was administered by intravenous infusion
either once weekly or twice weekly on weeks 1 and 2 of 3-week cycles and
continued until progression, withdrawal of consent, or intolerance. Toxicities
were managed by supportive hematopoietic growth-factor therapy, dose
delay or reduction as specified in the protocol, and standard supportive care.
Safety evaluations occurred weekly, with adverse events (AEs) defined by
Medical Dictionary for Regulatory Activities Preferred Term and System
Organ Class, version 10, and graded in accordance with the National Cancer
Institute’s Common Terminology Criteria for Adverse Events, version 4.0.
The UGT1A1 genotype was determined at study entry; serum samples were
evaluated for human antihuman antibody at baseline and during treatment,
and computed tomography (CT) scans (chest, abdomen, pelvis, and other
involved areas) and serum CEA levels were assessed at baseline and every
8 weeks until progression. Blood for PK studies was collected before and 30
minutes after each infusion, with additional samples between infusions in
select patients.

Response Evaluation Criteria in Solid Tumors (RECIST) v1.1 were
used to categorize overall best response as a confirmed complete response
or PR, stable disease (SD), or disease progression (PD),31 with progression-
free survival (PFS) measured from treatment initiation until PD or death
from any cause, and overall survival (OS) from treatment initiation to
death from any cause. An enzyme-linked immunosorbent assay (ELISA),
similar to the one reported previously,30 measured serum levels of human

antibodies against labetuzumab govitecan, and bioanalytical assays mea-
sured serum levels of labetuzumab govitecan, total antibody (labetuzu-
mab), unconjugated drug (SN-38Free and SN-38GFree), and total drug (SN-
38Total and SN-38GTotal).

30,32 PFS and OS were estimated by Kaplan-Meier
methods (MedCalc Statistical Software version 16.4.3; MedCalc Software,
Ostend, Belgium), PK parameters by noncompartmental methods (PK
Solutions 2.0; Summit Research Services, Montrose, CO), and other results
by descriptive statistics.

On the basis of initial clinical findings, where a single dose of 16 mg/kg
given every 3 weeks was tolerated safely,29 6 mg/kg was selected as
a starting dose for twice weekly dosing, and 8 mg/kg for once weekly
dosing. Phase I dose escalation used a 3 + 3 design to determine the MTD
for each dosing schedule. The MTD was defined as the highest dose level
for which zero or one of six patients encountered dose-limiting toxicity
(DLT) during cycle 1, with DLT defined as grade 4 neutropenia for
$ 5 days; grade$ 3 thrombocytopenia or anemia for$ 5 days; grade$ 3
nausea, vomiting, or diarrhea for . 48 hours; or any other grade $ 3
nonhematologic toxicity, including infusion reactions after premed-
ication with antihistamines, H2 blockers, and steroids. Treatment started
at 6 mg/kg in the twice-weekly regimen, with adjustment to increase to
9 mg/kg or decrease to 4 mg/kg if necessary, and 8 mg/kg in the once-
weekly regimen, with contingencies to study 10, 12, 14, and 16 mg/kg
doses or a lower level of 6 mg/kg. For both dosing schedules, enrollment
was expanded in phase II, targeting up to 25 patients in two dose levels at
or below the MTD to estimate whether this single-agent treatment
provides an objective response rate of $ 15% in this population. This
estimate was derived from the results of the prior phase I trial.29

RESULTS

Patient Disposition and Treatment
Ninety-one patients were enrolled between February 2013 and

January 2016. In the twice-weekly cohort, doses of 6 and 9 mg/kg
were given, with the first evidence of toxicity occurring at 9 mg/kg,
where two of three patients could not complete cycle 1 without
dose reduction because of dose-limiting neutropenia. The 6 mg/kg
dose was subsequently declared the MTD after zero of six DLTs
occurred during cycle 1, and 4 mg/kg was also selected subse-
quently for expanded bi-weekly enrollment in phase II because of
the intention to have repeated therapy cycles. In the once-weekly
cohort, patients in phase I had zero of three DLTs at 8 mg/kg and
one of six DLTs (grade 4 neutropenia . 7 days) at 10 mg/kg. One
patient also received 12 mg/kg without DLT, but this higher dose
was not pursued. Thus, the 8 and 10mg/kg once-weekly doses were
selected for enrollment in phase II.

In total, 86 patients were enrolled in the four expanded co-
horts that are the focus of this report; they received labetuzumab
govitecan either twice weekly at a dose level of 4 mg/kg (n = 23) or
6 mg/kg (n = 20), or once weekly at a dose level of 8 mg/kg (n = 21)
or 10 mg/kg (n = 22). Patient demographics and baseline char-
acteristics are listed in Table 1. All 86 patients have now dis-
continued treatment after a median of three treatment cycles
(range, one to 43). Seven patients received hematopoietic cytokine
support for neutropenia (five only once; two repeatedly), but only
after experiencing a grade 3 event. Neutropenia was also the
primary indication for a 25% dose reduction, which occurred once
in 14 patients; additional reductions were infrequent. Most patients
were treated until radiologic PD, but 13 withdrew from the study
because of AEs (neutropenia, small bowel obstruction, nausea
and vomiting, constipation, hyperbilirubinemia, or elevated liver
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function test [one each] or clinical deterioration [two patients],
including patients with new brain or osteolytic lesions). No
treatment-related deaths occurred. Treatment metrics are listed for
all 86 patients and each dose cohort in Table 2.

Safety
The most frequent AEs were nausea, fatigue, vomiting, and

diarrhea. The most frequent grade $ 3 events were neutropenia
(16%), leukopenia (11%), anemia (9%), and diarrhea (7%;
Table 3). Overall, toxicity rates seem to be similar among the four
cohorts, and although grade $ 3 neutropenia appears more fre-
quent in the 10 mg/kg once-weekly group and grade $ 3 diarrhea
in the 6 mg/kg twice-weekly group, the small numbers in each
cohort limit definitive conclusions. UGT1A1 status was determined
in 54 patients as 1*1* (n = 27), 1*28* (n = 23) or 28*28* (n = 4), with

grade $ 3 neutropenia occurring in two of 27 (7%), three of 23
(13%), and one of four (25%) patients, respectively, and febrile
neutropenia and diarrhea occurring in one patient in each of the
1*1* and 1*28* cohorts, but not reported in the 28*28* patients.

Antitumor Activity
Of the 86 patients, 14 did not have any postbaseline radiologic

assessments for tumor response. This included one patient who
withdrew after cycle 1 because of hyperbilirubinemia and underwent
imaging that was unchanged from baseline but too early to qualify as
SD by RECIST1.1; one patient who had unevaluable images after
a collapsed lung obscured target pulmonary lesions; and 12 other
patients who withdrew during cycles 1 or 2 before any postbaseline
imaging because of disease-related complications. Of the other 72
patients with CT-assessable responses, 38% (27 of 72) had a re-
duction from baseline of the sum of diameters of their target lesions
after treatment. One patient, who had received only fluorouracil,
leucovorin, and irinotecan plus bevacizumab for metastatic disease
and remained progression free until approximately 1 year later,
achieved a confirmed PR by RECIST1.1. Otherwise, 42 patients had
a best response of SD, and 29 had PD at first postbaseline assessment.
The single PR lasted for 13 months, with an 88% reduction of lung
and liver lesions and an 88.6% reduction in plasma CEA (from 21.0
to 2.4 ng/mL). After the patient took a 2-month drug holiday,
a comparable response to the regrown liver and lung metastases
occurred after treatment resumed, spanning a period of 2.7 years in
total (Fig 1). In addition to radiologic tumor reduction from baseline
in 38% of patients undergoing sequential CT scans, 38% of 66
patients with elevated CEA titers also exhibited a reduction in their
postbaseline serum CEA levels.

Because 24 patients had SD lasting at least 4 months, the
clinical benefit rate (PR + SD $ 4 months) was 29% (25 of 86).
The median PFS for all 86 patients was 3.6 months (95% CI,
2.0 months to 4.0 months), with 16% (14 of 86) remaining
progression free for at least 6 months, including three patients
who maintained this status for at least 1 year. The median OS
was 6.9 months (95% CI, 5.7 months to 7.8 months), with 24%
(21 of 86) surviving for at least 1 year, including three pa-
tients who survived at least 2 years (one for 3 years). Prior
treatment in these 24 patients included bevacizumab, fluoro-
uracil, irinotecan and oxaliplatin-containing chemotherapies,
and regorafenib. In the regorafenib subset (n = 23), the median
PFS and OS were 3.9 and 6.7 months, respectively. Additional
exploratory analyses found that plasma CEA levels predicted
better PFS and OS, but no substantial association was seen
between tumor size (as measured by the sum of baseline target
lesion diameters) or baseline KRAS mutation status and PFS or
OS (Appendix Tables A1 and A2, online only). Waterfall plots of
tumor and CEA plasma level reduction (38% each) provide
evidence of treatment activity in all four dose groups (Fig 2).
Response metrics for each group are listed in Table 2, with
Kaplan-Meier PFS and OS graphs for each dose group presented
in Figure 3.

PK and Immunogenicity
Fourteen patients provided PK profiles for the four primary

analyses (Appendix Table A3, online only). Peak drug levels

Table 1. Demographics and Baseline Characteristics (N = 86)

Characteristic No. (%)

Median age, years (range) 57 (30-82)
Sex
Male 51 (59)
Female 35 (41)

Ethnicity
White 78 (91)
Black 6 (7)
Other 2 (2)

Median time from diagnosis, years (range) 3.1 (0.8-12.5)
Location of primary tumor
Colon 57 (66)
Rectum 21 (24)
Rectosigmoid 8 (9)

Stage at diagnosis
I-II 8 (9)
III 28 (33)
IV 43 (50)
Not reported 7 (8)

ECOG
0 30 (35)
1 56 (65)

Median baseline plasma CEA, ng/mL (range) 84 (2.5-3,245)
KRAS status
Mutated 35 (41)
Wild-type 33 (38)
Not reported 18 (21)

Sites of disease RECIST assessment
Lungs 67 (78)
Liver 62 (72)
Lymph node 41 (48)
Abdomen 36 (42)
Pelvis 18 (21)

Median No. of prior treatments (range) 5 (1-13)
Prior therapy agents (. 10%)
Irinotecan 86 (100)
Fluorouracil/leucovorin 84 (98)
Oxaliplatin 76 (88)
Bevacizumab 70 (81)
Capecitabine 36 (42)
Cetuximab 33 (38)
Regorafenib 23 (27)
Panitumumab 14 (16)
Aflibercept 13 (15)

NOTE. Data are No. (%) unless otherwise indicated.
Abbreviations: CEA, carcinoembryonic antigen; ECOG, Eastern Cooperative
Oncology Group; RECIST, Response Evaluation Criteria in Solid Tumors.
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generally increased with dose, with no appreciable differences
in clearance between doses. Labetuzumab govitecan was cleared
from serum more rapidly than was the IgG. Enzyme-linked
immunosorbent assay and high-performance liquid chroma-
tography data monitoring of SN-38Total provided similar

estimates of the conjugate’s mean half-life (16.5 6 4.0 hours by
high-performance liquid chromatography analysis), whereas
the IgG’s half-life was more variable (84.5 6 23.6 hours). In
patients treated bi-weekly, residual IgG in the serum at the time
of the second dose increased peak IgG levels by approximately

Table 3. Adverse Events

Adverse Event

All Patients
(N = 86)

Once Weekly Twice Weekly

10 mg/kg
(n = 22)

8 mg/kg
(n = 21)

6 mg/kg
(n = 20)

4 mg/kg
(n = 23)

No. (%) No. (%) No. (%) No. (%) No. (%)

All grades
Nausea 58 (67) 14 (64) 17 (81) 13 (65) 14 (61)
Fatigue 48 (56) 12 (55) 13 (62) 13 (65) 10 (44)
Vomiting 38 (44) 9 (41) 10 (48) 9 (45) 10 (44)
Diarrhea 37 (43) 10 (46) 11 (52) 12 (60) 4 (17)
Anemia 32 (37) 7 (32) 3 (14) 11 (55) 11 (48)
Neutropenia 29 (34) 10 (46) 5 (24) 6 (30) 8 (35)
Alopecia 26 (30) 6 (27) 7 (33) 8 (40) 5 (22)
Abdominal pain 22 (26) 8 (36) 4 (19) 8 (40) 2 (9)
Leukopenia 21 (24) 5 (23) 4 (19) 7 (35) 5 (22)
Anorexia 20 (23) 6 (27) 3 (14) 6 (30) 5 (22)
Constipation 18 (21) 2 (9) 5 (24) 8 (40) 3 (13)
Lymphopenia 16 (19) 4 (18) 4 (19) 2 (10) 6 (26)
Hyperglycemia 13 (15) 3 (14) 2 (10) 4 (20) 4 (17)

Grade $ 3
Neutropenia 14 (16) 8 (36) 2 (10) 3 (15) 1 (4)
Leukopenia 9 (11) 3 (14) 2 (10) 3 (15) 1 (4)
Anemia 8 (9) 4 (18) 1 (5) 1 (5) 2 (9)
Diarrhea 6 (7) 1 (5) 1 (5) 4 (20) 0 (0)
Lymphopenia 6 (7) 3 (14) 1 (5) 0 (0) 2 (9)
Vomiting 5 (6) 0 (0) 3 (14) 2 (10) 0 (0)
Nausea 4 (5) 0 (0) 2 (10) 2 (10) 0 (0)
Constipation 3 (4) 0 (0) 2 (10) 0 (0) 1 (4)
Fatigue 3 (4) 1 (5) 0 (0) 0 (0) 2 (9)
Hyperglycemia 3 (4) 1 (5) 2 (10) 0 (0) 0 (0)
Hyperbilirubinemia 3 (4) 0 (0) 1 (5) 1 (5) 1 (4)
Hyponatremia 3 (4) 1 (5) 1 (5) 0 (0) 1 (4)
Small bowel obstruction 3 (4) 0 (0) 1 (5) 1 (5) 1 (4)

NOTE. Frequency of patients with adverse events regardless of causality occurring in . 15% (all grades) or . 2% (grade $ 3) of all patients.

Table 2. Treatment and Response Assessments

Assessment
All Patients
(N = 86)

Once Weekly Twice Weekly

10 mg/kg
(n = 22)

8 mg/kg
(n = 21)

6 mg/kg
(n = 20)

4 mg/kg
(n = 23)

Treatment
Median No. cycles (range) 3 (1-43) 5.5 (1-14) 5 (1-21) 3 (1-43) 3 (1-12)
G-CSF, No. 7 2 0 2 3
Dose reduction, No. 14 4 3 5 2
Discontinuation because of AEs, No. 13 2 5 5 1

Response
PR, No. (%) 1 (1) 0 (0) 0 (0) 1 (5) 0 (0)
SD, No. (%) 42 (49) 12 (55) 13 (62) 10 (50) 7 (30)
PD, No. (%) 29 (34) 6 (27) 3 (14) 8 (40) 12 (52)
IE, No. (%) 14 (16) 4 (18) 5 (24) 1 (5) 4 (17)
CBR (PR+ SD . 4 months), No. (%) 25 (29) 8 (36) 9 (43) 6 (30) 2 (9)
Median PFS, months (95% CI) 3.6 (2.0 to 4.0) 3.6 (2.1 to 6.0) 4.6 (3.9 to 6.1) 2.3 (1.8 to 5.3) 1.9 (1.8 to 3.6)
Median OS, months (95% CI) 6.9 (5.7 to 7.8) 6.4 (5.0 to 11.2) 7.5 (5.7 to 16.1) 7.3 (5.0 to 12.6) 5.8 (5.1 to 7.5)

Abbreviations: AE, adverse event; CBR, clinical benefit ratio; G-CSF, granulocyte colony-stimulating factor; IE, inevaluable; OS, overall survival; PD, disease progression;
PFS, progression-free survival; PR, partial response; SD, stable disease.
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42% compared with the first dose, whereas in patients who
treated once-weekly, peak levels increased by approximately
20%. Little to no residual ADC or its components was detected
3 days after a dose. In samples assayed for SN-38, SN-38Free
never exceeded 5% of SN-38Total, indicating that most SN-38
was bound to IgG. Furthermore, SN-38GFree could be de-
tected in the 30-minute and day-1 serum samples from only
nine of 14 patients and was always less than (non-
glucuronidated) SN-38Free (eg, 19.9% 6 5.8% and 35.8% 6
12.6%, respectively).

Antibody responses against labetuzumab and SN-38 were
evaluated in 460 samples (including baseline) from 84 patients
(66 patients had more than one post-treatment sample; 26 had
more than five). All samples were negative (below assay sen-
sitivity) for antibodies to labetuzumab or SN-38.

DISCUSSION

Labetuzumab govitecan is an ADC that incorporates a moderately
toxic drug, SN-38, with an antibody against CEACAM5, the same
CEA measured in plasma and having a high expression in many
solid cancers, particularly CRC.33,34 This phase I/II study enrolled
patients with progressive disease who had received prior therapy
with an irinotecan-containing regimen; one half of these patients
had completed five prior lines of therapy. Waterfall plots of tumor
reduction and plasma CEA reductions (both in 38% of patients)
provided objective evidence of treatment activity in all four dose
groups. One patient achieved a PR by RECIST1.1 and achieved
another PR after a second course of therapy following a treatment
break, with the entire treatment spanning 2.7 years.

Study entry
Liver 20 mm

Lung 12 mm

After 5 months

of treatment
Liver 7 mm; lung 5 mm

(63% shrinkage)

Start of 2nd course
Liver 19 mm

Lung 13 mm

After one year

of treatment
Liver 12 mm; lung 17 mm

(41% shrinkage)

Liver Lung

Fig 1. This 51-year-old woman was initially diagnosed with rectal adenocarcinoma, stage IIIb. After primary surgery, she received infusional fluorouracil,
leucovorin, and oxaliplatin, capecitabine, and local radiation. Approximately 1.5 years later, she underwent a right hepatectomy for liver recurrence, followed by 12
cycles of fluorouracil, leucovorin, and irinotecan with bevacizumab. Her disease progressed approximately 1 year later and she entered the study with a plasma
carcinoembryonic antigen (CEA) level of 21 ng/mL andmultiple pulmonary and hepatic metastases, including two target lesions for Response Evaluation Criteria in
Solid Tumors 1.1 response assessment: a 12-mm left perihilar lesion and a 20-mm lesion at the hepatic dome. She responded to treatment with 6 mg/kg twice-
weekly labetuzumab govitecan with a 25% reduction of target lesions at first postbaseline assessment and with a partial response with a 46% reduction at 3
months, which was confirmed with a 63% reduction on subsequent assessment. After 13 months of treatment, there had been a 88% reduction of target lesions,
including complete disappearance of the liver lesion, and the plasma CEA was reduced to 2.4 ng/mL. Because of the demands of the twice-weekly regimen over
this period, she took a 3-month drug holiday, after which her disease returned with a plasma CEA level of 37.6 ng/mL, a 13-mm perihilar lesion, and a 19-mm
hepatic dome lesion. She then resumed treatment, but at 8 mg/kg once-weekly, and again responded, with onset of a partial response at 4 months (41%
reduction). One year after resuming treatment, her plasma CEA was 5.3 ng/mL and she continued to maintain 41% shrinkage, eventually progressing 6 months
later. During the entire course of her treatment, which spanned 2.7 years and consisted of . 40 treatment cycles, no antilabetuzumab or anti–SN-38 antibodies
were detected.
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This ADC was well tolerated, with a manageable toxicity
profile. Generally, in this advanced and refractory population,
labetuzumab govitecan provided encouraging clinical activity in
the form of SD. Median PFS was 4.6 and 3.6 months and median

OSwas 7.5 and 6.4months for the preferred doses of 8 or 10mg/kg,
respectively, given once weekly. These initial results suggest
that additional study of this agent in combination with other
therapies would be appropriate, especially because preclinical
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Fig 2. Waterfall plots for the four dose
groups treated with labetuzumab govitecan
once weekly at 8 or 10 mg/kg or twice
weekly at 4 or 6 mg/kg. (A) Percent change
from baseline of the sum of target lesion (TL)
diameters at time of best response for pa-
tients with computed tomography–assessable
responses. (B) Percent change in plasma
carcinoembryonic antigen (CEA) levels from
baseline to time of best response for pa-
tients with one or more postbaseline CEA
values.
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studies indicated that its combination with bevacizumab is
effective.26

Although this trial evaluated labetuzumab govitecan in pa-
tients who had undergone a median of five prior therapies, it is
interesting to speculate on its potential in a third-line setting,
where regorafenib currently is recommended on the basis of the
CORRECT trial reporting a median PFS and median OS of 1.9 and
6.4 months, respectively, in 505 patients treated in at least third line
(97% of patients).35 In this study, patients given labetuzumab
govitecan after regorafenib had a median PFS of 4.0 months and an
OS of 6.7 months. This compares well to the median PFS and
median OS of 1.6 and 2.1 months, respectively, reported in
a retrospective analysis of standard chemotherapy given after
regorafenib, mostly with fourth-line therapy.4

Irinotecan dose-limiting toxicities (neutropenia and diarrhea)
are related to SN-38 exposure.28,36 Conversion of irinotecan to SN-
38 is an inefficient process; only a small fraction of total irinotecan is
converted to SN-38. In fact, studies have shown that approximately
40% to 60% of the lactone ring of irinotecan/SN-38 is converted to
a carboxylate form, which greatly reduces potency.14 In contrast, the
linker used with labetuzumab govitecan binds to the 20th position of
SN-38’s lactone ring, a process that has been shown to stabilize the
lactone ring, protecting the ADC’s potency.37 SN-38 is inactivated
via glucuronidation by UGT1A1-metabolizing enzymes,38 but the
SN-38 in this ADC is protected from glucuronidation.32 The in-
cidence of diarrhea in patients given labetuzumab govitecan com-
pares favorably with the incidence in those given irinotecan
monotherapy: 83% of patients receiving irinotecan had late diarrhea
(31% were grades 3 or 4),39 compared with 46% of those receiving
labetuzumab govitecan at 10mg/kg once weekly (only one grade$ 3
[5%] reported in that cohort). At all dose levels, severe diarrhea was
found at a much lower level (only 7% experienced grade $ 3). In
addition, 36% of patients given labetuzumab govitecan once weekly
at 10 mg/kg reported grade $ 3 neutropenia during treatment, but

none had neutropenic fever. The patients required minimal dose
reductions or administration of granulocyte colony-stimulating
factor (G-CSF) because of neutropenia. Although the occurrence of
neutropenia is somewhat lower than that reported for irinotecan,39

patients with homozygousUGT1A1 *28/*28 genes have a higher risk
of severe myelosuppression.40 In this study, subgroup analysis
showed that only one of four patients with a homozygous UGT1A1
*28/*28 genotype experienced grade $ 3 neutropenia.

A conjugate localizing within the tumor can release SN-38
after internalization of the ADC, but any conjugate held within the
tumor microenvironment can also be expected to release SN-38
over time. The ability to enhance selective accretion of SN-38 in the
tumor via the antibody-binding moiety is a definite advantage over
polyethylene glycol (PEG)-modified SN-38 or irinotecan, which
rely solely on sustaining these agents in the blood.41,42

The PK profile of labetuzumab govitecan differs from that of
irinotecan. The PK analysis of labetuzumab govitecan in this study
depicted a more rapid clearance (shorter half-life) of the intact con-
jugate than did the antibody (labetuzumab). Thus, labetuzumab
govitecan clearance reflects both the elimination of intact ADC from the
circulation and the loss of SN-38 from the antibody, which has been
estimated in vitro to have a half-life of approximately 1 day in serum.26

At any sampling time over the first 3 days, nearly all the SN-38 in the
serum is bound to the conjugate, with , 2% of the SN-38Total in the
serum being in its free form. The SN-38Total half-life is the same as that
reported for irinotecan.39,43We hypothesize that labetuzumab govitecan
allows for lower plasma SN-38 concentrations whilemaintaining higher
tumor concentrations, thereby increasing the benefit:risk ratio of the
therapy. This is supported by nonclinical studies.32

Exploratory analysis revealed no association between KRAS
mutation status and tumor response. Plasma CEA levels also in-
dicated no relationship to ADC or antibody clearance. However,
there is preliminary evidence of lower plasma CEA levels being
prognostic of a better response (Appendix Tables A1 and A2).
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Fig 3. (A) Progression-free survival (PFS) and (B) overall survival (OS) in patientswith refractorymetastatic colorectal cancer treatedwith labetuzumabgovitecanonceweekly at 8 or
10 mg/kg or twice weekly at 4 or 6 mg/kg. Of the 86 patients, 72 continued on-study until progressive disease was documented radiologically at a tumor response assessment,
whereas the other 21 patients discontinued study participation before radiologic confirmation of progression and were censored for PFS at the time of their most recent radiologic
evaluation. Similarly, 78 of the 86 patients were observed until death, whereas eight patents were lost to follow-up and were censored for OS at last study evaluation.
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The fact that activity was seen in this patient population who
had relapsed after receiving an irinotecan-containing regimen
previously suggests that SN-38 delivered by this ADC should be
evaluated in patients who are clearly resistant to irinotecan.

In conclusion, there was no loss of activity or increased safety
concern in the once-weekly compared with the twice-weekly
regimen, with the advantage of convenience. The differences be-
tween the 8 and 10 mg/kg once-weekly groups were small;
therefore, additional studies need to define the optimal dose, either
8 or 10 mg/kg once weekly. Importantly, monotherapy with labe-
tuzumab govitecan has manageable toxicity, less than irinotecan,
particularly with regard to diarrhea. Additional clinical studies,
especially those in which labetuzumab govitecan is combined with
other agents (eg, replacing irinotecan FOLFOXIRI), are warranted.
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Appendix

Table A2. KRAS Status

KRAS Status Mutated Wild-Type

No. 35 33
PR + SD, No. (%) 15 (43) 17 (51)
Median PFS, months (95% CI) 2.9 (1.9 to 3.9) 3.6 (1.9 to 4.6)
Median OS, months (95% CI) 5.9 (5.1 to 7.8) 7.0 (5.1 to 7.8)

Abbreviations: OS, overall survival; PD, disease progression; PFS, progression-
free survival; PR, partial response; SD, stable disease.

Table A1. Subgroup Analyses

Baseline Analyses # Median . Median

Baseline CEA levels
No. 43 43
PR + SD, No. (%) 26 (60) 17 (40)
Median PFS, months (95% CI) 4.1 (2.9 to 6.2) 1.9 (1.9 to 3.6)
Median OS, months (95% CI) 9.3 (6.9 to 12.6) 5.3 (5.0 to 6.1)

Baseline sum of target lesion diameters
No. 43 43
PR + SD, No. (%) 21 (49) 22 (51)
Median PFS, months (95% CI) 2.9 (1.9 to 3.6) 4.0 (2.1 to 4.6)
Median OS, months (95% CI) 7.3 (5.3 to 11.7) 6.9 (5.1 to 9.3)

Abbreviations: CEA, carcinoembryonic antigen; OS, overall survival; PFS, progression-free survival; PR, partial response; SD, stable disease.
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Table A3. PK Parameters and Peak Concentrations for Selected Patients Receiving Labetuzumab Govitecan

Analyte

PK Parameters* Peak Concentration†

No. t1/2 (hours) AUCLast (hour 3 mg/mL) V (mL/kg) Cl (mL/h/kg) No. mg/mL

4 mg/kg
Conjugate 2 11.5, 14.9 483, 1606 135.7, 55.7 8.2, 2.6 20 63.7 6 29.2
IgG 2 55.7, 121.4 2760, 3526 69.2, 64.8 0.862, 0.370 20 76.8 6 21.2
SN-38Total 2 12.3, 15.1 17.0, 33.0 65.2, 42.0 3.7, 1.9 2 1.034 6 0.219
SN-38Free 2 25.0, 15.7 1.2, 3.2 1592, 438 44.1, 19.3 2 0.026 6 0.002

6 mg/kg
Conjugate 2 13.1, 14.0 2963, 2123 42.9, 55.5 2.3, 2.7 16 115.5 6 34.2
IgG 2 54.2, 64.6 5355, 7963 60.3, 34.0 0.771, 0.365 16 117.5 6 39.7
SN-38Total 2 14.2, 14.9 46.7, 60.4 47.0, 32.7 2.3, 1.5 2 2.02 6 0.563
SN-38Free 1 21.7 1.7 1811 57.8 2 0.070 6 0.020

9 mg/kg
Conjugate 2 8.2, 10.2 3683, 4432 29.2, 29.6 2.5, 2.0 3 128.0 6 33.9
IgG 2 70.2, 46.0 5886, 8498 75.4, 46.9 0.745, 0.706 3 190.7 6 63.5
SN-38Total 2 14.8, 16.1 54.7, 90.0 55.2, 35.6 2.6, 1.5 3 2.38 6 0.394
SN-38Free 1 14.3 2.6 1082 52.3 3 0.110 6 0.006

8 mg/kg
Conjugate 6 13.6 6 3.0 3752 6 1069 45.1 6 13.5 1.9 6 0.9 20 139.7 6 39.7
IgG 7 96.0 6 12.6 13262 6 4986 67.7 6 30.8 0.5 6 0.2 20 162.7 6 58.3
SN-38Total 7 18.5 6 4.8 62.1 6 31.2 60.8 6 18.2 2.4 6 1.0 7 2.78 6 1.26
SN-38Free 7 22.2 6 4.5 2.1 6 0.8 1756 6 523 56.5 6 20.6 7 0.073 6 0.029

10 mg/kg
Conjugate 1 16.8 2557 74.1 3.1 12 152.5 6 42.2
IgG 1 83.1 11780 67.6 0.564 12 179.7 6 40.4
SN-38Total 1 13.8 42.9 64.5 3.2 8 3.268 6 0.907
SN-38Free 1 12.7 3.8 670 36.6 8 0.082 6 0.051

Abbreviations: AUC, area under the curve; CI, clearance; PK, pharmacokinetic; SN-38, 7-ethyl-10-hydroxycamptothecin; t1/2, half-life; V, volume of distribution.
*PK parameters were derived from samples taken after the first dose (eg, over 6 to 7 days for the once-weekly regimen and 3 days for twice-weekly regimen) using
a noncompartmental model. Because only three to four samples were collected, all parameters were estimated from a mono-exponential fit, with linear correlation
coefficients$ 0.95. All analytes included the 30-minute post–end-of-infusion sample to determine half-life, with the exception of the IgG, which excluded the 30-minute
sample. Except for the 8 mg/kg dose, where values represent the mean + standard deviation, when there are , 2 values, individual values are given.
†Peak concentration determined in serum sample taken 30 minutes to 1 hour after the end of a 2- to 3-hour infusion. Labetuzumab (IgG) and labetuzumab govitecan
(conjugate) concentrations were determined by enzyme-linked immunosorbent assay, whereas SN-38Total and SN-38Free were determined by reversed-phase high-
performance liquid chromatography.
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