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Background: The phase III Treatment Approaches in Renal cancer Global Evaluation Trial

(TARGET) indicated that sorafenib is effective and well tolerated in advanced renal cell car-

cinoma patients. However, few data have been published on the safety of long-term sorafe-

nib treatment. A retrospective subgroup analysis was performed to evaluate the efficacy

and safety of sorafenib in patients in TARGET who received treatment for >1 year.

Methods: The present subgroup analysis (based on the September 2006 database with

updated safety analysis) evaluated the efficacy and safety of sorafenib in all patients in

the sorafenib arm of TARGET who were treated for >1 year. The assessments included

the overall survival, progression-free survival (PFS), disease control rate (DCR), and safety.

The patients remained on therapy post-progression at the discretion of the investigator.

Results: In TARGET, 169 patients received treatment with sorafenib for >1 year. The median

PFS of patients in this subpopulation was 10.9 months from the date of randomisation,

with a DCR of 92%. The most commonly reported treatment-related adverse events of

any grade were diarrhoea (74%), rash/desquamation (51%), hand–foot skin reaction (49%),

alopecia (39%), and fatigue (38%). Adverse events were mild to moderate, and presented

early in the course of the treatment; there were no unexpected toxicities associated with

the long-term administration of sorafenib.

Conclusions: Results of this subgroup analysis of patients enrolled in TARGET who received

treatment for >1 year indicate that long-term treatment with sorafenib is associated with

continued efficacy and a well-tolerated safety profile.

� 2010 Published by Elsevier Ltd.
hed by Elsevier Ltd.
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1. Introduction study to explore the safety and efficacy of long-term (>1 year)
Development of multi-targeted tyrosine kinase inhibitors

(TKIs) was the first therapeutic breakthrough in advanced re-

nal cell carcinoma (RCC) since the demonstration in 2001 of

longer survival with the use of interferon-a after cytoreduc-

tive nephrectomy.1,2 TKIs interfere with the pathways con-

trolling angiogenesis and cell proliferation in advanced RCC;

clear-cell RCC, the most common histologic subtype, is

marked by high levels of proangiogenic growth factors gener-

ated by inactivation of the Von Hippel–Lindau (VHL) gene.3 In

2005, sorafenib became the first TKI to be approved for the

treatment of advanced RCC by the US Food and Drug Admin-

istration (FDA). Other drugs with a similar therapeutic strat-

egy include sunitinib (approved by the FDA in 2006) and

pazopanib (approved by the FDA in 2009). TKIs are effective

treatments, with mild to moderate toxicity; they have

achieved objective response rates ranging from 5% to

45%.4–10 However, the relatively short time of these drugs in

the market precluded a thorough evaluation of the tolerability

of long-term administration. To date, no retrospective or pro-

spective studies have been published reporting on the safety

of long-term treatment with a targeted therapy in RCC.

The efficacy and tolerability of sorafenib were

demonstrated in the phase III randomised, double-blind,

placebo-controlled Treatment Approaches in Renal cancer

Global Evaluation Trial (TARGET). Sorafenib is an orally active

multikinase inhibitor that blocks vascular endothelial growth

factor receptor (VEGFR)-2 and -3, platelet-derived growth

factor receptor (PDGFR)-b, Flt-3, c-KIT, and the intracellular

serine/threonine kinase RAF-1.5,11,12 In clinical practice and

in the trial setting, sorafenib was effective and well tolerated

in at-risk populations, including patients with renal impair-

ment and elderly patients, for whom treatment-associated

adverse events (AEs) may present a greater burden.13–15

In TARGET, results of a preplanned interim analysis (con-

ducted in January 2005) indicated that sorafenib doubled pro-

gression-free survival (PFS) compared with the placebo (5.5

versus 2.8 months, respectively; HR, 0.44; 95% CI, 0.35–0.55;

P < 0.0001).5 In May 2005, patients randomised to placebo were

permitted to cross over to the sorafenib arm of the study. In

the final overall survival (OS) analysis conducted 16 months

post-crossover (September 2006), median survival in the

sorafenib group was longer than in the placebo group, but

these results did not reach significance because of a confound-

ing effect of crossover (17.8 versus 15.2 months, respectively;

HR, 0.78; P = 0.146).12 The results of a secondary OS analysis

that censored the placebo patients at crossover revealed a sig-

nificant survival advantage with sorafenib (17.8 versus

14.3 months; HR, 0.78; P = 0.029).12 Sorafenib was well toler-

ated across patients in TARGET, the most common AEs being

diarrhoea, hand–foot skin reaction (HFSR), fatigue, and rash.

Because the trial took place before the approval of sorafe-

nib and other TKIs, TARGET investigators were given the op-

tion of continuing patients on sorafenib for extended

courses of therapy if the patients did not experience disease

progression or if the patients experienced clinical benefit de-

spite the growth of the primary lesion. Based on the data col-

lected from these patients, we conducted a retrospective
sorafenib administration.

2. Patients and methods

2.1. Study design

This report describes a retrospective analysis of patients in

TARGET who received sorafenib for >1 year. The study design

and patient inclusion criteria have been previously described.5

Briefly, TARGET was a phase III, double-blind, multinational,

randomised, parallel-group, multicentre trial in patients with

unresectable and/or metastatic RCC who had undergone 1

prior systemic therapy. Other eligibility criteria included age

P18 years, Eastern Cooperative Oncology Group Performance

Status (ECOG PS) 0–2, favourable- or intermediate-risk Memo-

rial Sloan-Kettering Cancer Center (MSKCC) score, and ade-

quate bone marrow, liver, pancreas, and kidney function.

Patients were stratified by country and MSKCC prognostic

score prior to randomisation to sorafenib 400 mg bid or pla-

cebo groups in a 1:1 ratio with a block size of 4. The treatment

was administered in 6-week cycles for the first 24 weeks and

8-week cycles thereafter on a continuous schedule. Treat-

ment interruptions and up to 2 dose reductions (first to

400 mg/d, then 400 mg every 2 d) were permitted for the treat-

ment-related toxicities. The treatment continued until dis-

ease progression or withdrawal from the study because of

intolerable toxicities.

Patients receiving sorafenib could continue open-label

treatment beyond radiologic progression at the discretion of

the investigator if disease progressed in some locations but

improved in others; progressive disease (PD) occurred at one

site but stable disease (SD) was achieved at other sites; and/

or PD occurred but radiologic changes suggestive of response

were detected (e.g., cavitary changes, decreased pleural effu-

sion). The patients could also continue sorafenib beyond PD if

their clinical symptoms improved.

2.2. Outcome variables

The original primary end-point of TARGET was OS, measured

from the date of enrollment to death. The secondary end-

points included PFS (defined as the time from random assign-

ment to disease progression based on the imaging or clinical

assessment using Response Evaluation Criteria In Solid Tu-

mors [RECIST]). The tertiary end-points included disease con-

trol rate (DCR; defined as the proportion of patients who

achieved confirmed complete response [CR], partial response

[PR], or SD on the basis of RECIST, which was maintained for

P28 d following the first demonstration of response), time to

response, and patient-reported outcomes. Safety was evalu-

ated every 3 weeks during the first 24 weeks of treatment,

and every 4 weeks thereafter. AEs were classified according

to the National Cancer Institute Common Terminology Crite-

ria for Adverse Events (NCI-CTCAE) version 3.0. A toxicity

assessment was conducted 30 d after the discontinuation of

the study drug. After treatment conclusion, the patients were

contacted every 3 months to determine the survival status

until death or loss to follow-up was documented.
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2.3. Statistical analysis

The subgroup analysis was conducted for the intent-to-treat

population in patients who received sorafenib for >1 year, as

determined by the comparisons of the first and last date of

treatment. This analysis was performed on the final updated

OS analysis (September 2006),12 with updated safety analysis

for those patients who continued on study and had not been

transferred to a commercial supply or the Sorafenib Long-

term Extension Program (STEP). Eighty-four patients in the

sorafenib arm and 67 patients who crossed over to sorafenib

were still on therapy at cutoff. Six patients who crossed over

to sorafenib received sorafenib for >1 year, but were not in-

cluded in this analysis because of the concern that the dis-

ease progression that may have occurred while receiving

placebo would not permit inclusion into the subpopulation

described in this manuscript.

Statistical analyses performed were exploratory, and re-

sults are mostly descriptive in nature. Descriptive statistics

were used to describe patient characteristics, best tumour re-

sponse, and safety in patients who received sorafenib for

>1 year. Kaplan–Meier estimates and curves were used to

summarise time-to-event data, including PFS. Treatment-

emergent AEs, serious AEs (SAEs), and AEs leading to discon-

tinuation and/or withdrawal from the study are summarised.

To present safety data over a continuous time frame, cross-

over treatment cycles were appended to be labelled sequen-

tially with the double-blind treatment cycles, ignoring any

possible gaps in the treatment between the 2 phases.
3. Results

3.1. Patients

One hundred and sixty-nine patients randomised to the

sorafenib arm of TARGET received sorafenib for >1 year; these

patients were a subpopulation of the 451 patients randomised

to receive sorafenib in TARGET (n = 903). The baseline charac-

teristics of patients in the long-term treatment subpopulation

and patients in the overall sorafenib arm, which has been

previously described,5 are shown in Table 1. The median age

in the long-term treatment subpopulation was 60 years

(range, 19–80 years), the majority of the patients were male

(71%), and most patients had ECOG PS 0 or 1 (57% and 42%,

respectively) and/or favourable MSKCC score (67%). Most pa-

tients had undergone nephrectomy and/or cytokine-based

chemotherapy (96% and 83%, respectively). The most com-

mon sites of baseline metastases were lung (74%), liver

(23%), and bone (18%). Underlying cardiovascular disease

was common, with 46% of patients having hypertension

and 13% having coronary artery or ischaemic heart disease.
3.2. Exposure to sorafenib

The median duration of therapy for the long-term treatment

subpopulation was 18.9 months (range, 12.1–30.2 months);

27 patients remained on sorafenib for >2 years. The reasons

for discontinuation are presented in Supplementary Table 1.

The median dose of sorafenib was 797 mg/d (range, 232.7–
1067.8 mg/d) (Supplementary Table 2). Forty-five percent of

the patients (n = 76) did not require dose reduction or inter-

ruption during therapy.

3.3. Efficacy

The median OS had not been reached by September 2006 for

the 169 patients who received sorafenib treatment for >1 year,

although the 18-month and 24-month survival rates were 88%

and 69%, respectively. The median PFS was 10.9 months (95%

CI, 9.3, 12.8) from the date of randomisation (Fig. 1). One hun-

dred and thirty-one patients received sorafenib post-progres-

sion; 35 patients in this subpopulation did not experience

disease progression during their enrolment in TARGET. Two

patients experienced CR and 36 experienced PR, generating

an overall response rate (ORR; CR + PR) of 23% (95% CI, 16.4,

29.5). One hundred and twenty-six patients (74.6%; 95% CI,

67.3, 80.9) achieved SD (Table 2). Three percent (95% CI, 1.0,

6.8) had PD as their best response. The DCR was 92% (95% CI,

87.2, 95.8). Among the 38 patients who achieved a CR or PR,

the median time to response was 2.8 months (range, 1.3–

15.3 months).

3.4. Safety

Most patients (160 of 169 patients; 95%) experienced P1 treat-

ment-related AE of any grade during their enrolment in

TARGET. AEs were primarily grade 1 or 2; grade 3/4 AEs oc-

curred in 34% of patients (Table 3). The most common AEs

of any grade were diarrhoea (74%), rash/desquamation

(51%), HFSR (49%), alopecia (39%), fatigue (38%), and hyperten-

sion (25%). HFSR and hypertension were the most common

grade 3/4 AEs (7% and 5%, respectively). The rates of treat-

ment-related cardiac ischaemia/infarction (2%) or left ventric-

ular systolic dysfunction (1%) were low. Treatment-related

cardiovascular or bleeding SAEs included 2 incidents (1%)

each of hypertension and cardiac ischaemia/infarction and

single incidents (1%) each of colon haemorrhage, bronchopul-

monary haemorrhage, thrombosis/thrombus/embolism, and

anaemia. Nineteen patients (11%) experienced drug-related

SAEs.

3.5. Sorafenib dose interruption or reduction

As noted, 45% of the patients (n = 76) did not require dose

reduction or interruption during sorafenib therapy. For the

other 55% of patients (n = 93), HFSR and diarrhoea were the

most commonly reported AEs responsible for dose reduction

(7.7% for both) or interruption (4% and 7%, respectively).

Hypertension resulted in dose reduction in 5 patients (3%)

and dose interruption in 6 patients (4%). No dose modifica-

tions occurred because of aspartate aminotransferase (AST)

or alanine aminotransferase (ALT) elevations.

3.6. Initial presentation of AEs by cycle

AEs of any grade tended to develop early during the treatment

with sorafenib (Fig. 2). Of the 17 evaluated by the cycle, 14 AEs

presented more frequently in the first cycle than in any other

cycle thereafter, until the decreasing sample size of patients



Table 1 – Baseline characteristics of patients who received sorafenib in TARGET.

No. of patients (%) Long-term treatment
subpopulation (n = 169)

Patients randomized
to sorafenib arm (N = 451)

Sex
Male 120 (71) 315 (70)
Female 49 (29) 136 (30)

Age, years
Median (range) 60 (19–80) 58 (19–86)
<65 years 108 (64) 305 (68)
P65 years 61 (36) 146 (32)

Median time since diagnosis, years (range) 2.3 (0–19) 1.7 (0–19)

Baseline ECOG PS
0 96 (57) 219 (49)
1 71 (42) 223 (49)
2 1 (1) 7 (2)
Missing 1 (1) 2 (0)

MSKCC category
Favourable 113 (67) 233 (52)
Intermediate 56 (33) 218 (48)

Number of metastatic sites
1 30 (18) 62 (14)
2 53 (31) 131 (29)
3 46 (27) 114 (25)
4 26 (15) 88 (20)
5 or more 14 (8) 54 (12)
Missing data 0 (0) 2 (0)

Baseline metastatic site
Lung 125 (74) 348 (77)
Liver 39 (23) 116 (26)
Bone 31 (18) 96 (21)

Prior nephrectomy 162 (96) 422 (94)

Prior cytokine therapy 141 (83) 374 (83)

Prior medical historya

Hypertensionb 78 (46) 183 (41)
Coronary artery or ischaemic heart disease 22 (13) 53 (12)
High cholesterolc 21 (12) 53 (12)
Diabetesd 18 (11) 56 (12)
Anaemia 10 (6) 39 (9)

TARGET, Treatment Approaches in Renal cancer Global Evaluation Trial; ECOG PS, Eastern Cooperative Oncology Group Performance Status;

MSKCC, Memorial Sloan-Kettering Cancer Center; and NEC, not elsewhere classified.
a Using Medical Dictionary for Regulatory Activities (MedDRA) version 9.1 terminology.
b Per MedDRA terminology, vascular hypertensive disorder.
c Per MedDRA terminology, elevated cholesterol, elevated triglycerides, and hyperlipidaemias NEC.
d Per MedDRA terminology, diabetes mellitus, including subtypes.
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at risk permitted single events to exceed the presentation rate

in the first cycle. In the first cycle, 38% of the patients experi-

enced rash/desquamation, 29% of the patients experienced

HFSR, 23% of the patients experienced diarrhoea, 14% of the

patients experienced fatigue, and 12% of the patients experi-

enced hypertension. In the following cycles, fewer new cases

were reported of rash/desquamation (11%, 5%, and 2% for cy-

cles 2, 3, and 4, respectively), HFSR (16%, 3%, and 1% for cycles

2, 3, and 4, respectively), and hypertension (5%, 5%, and 2% for

cycles 2, 3, and 4, respectively), and these AEs seldom (<5% of

patients at risk) developed later in the therapy. Diarrhoea and

fatigue continued to be reported at varying frequencies in
the later cycles, albeit at reduced rates of initial presentation;

the 3 cycles with the highest rates of subsequent diarrhoea

were cycle 2 (21%), cycle 3 (16%), and cycle 10 (11%), and for

fatigue were cycle 15 (9%), cycle 3 (6%), and cycle 2 (6%). These

AEs presented with a severity of grade 3/4 infrequently

(Supplementary Fig. 1), and tended to emerge during the

cycles with high incidence of any grade AE, such that grade

3/4 HFSR developed most frequently in early cycles (cycles

1–5 and 7) and grade 3/4 diarrhoea was observed in cycles 4,

5, and 11.

Exceptions to this early-onset trend were anaemia, cardiac

ischaemia/infarction, and left ventricular systolic dysfunc-
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Fig. 1 – Progression-free survival in patients who received

sorafenib for >1 year.

Table 2 – Response rates in patients treated with sorafenib
for >1 year.

Best responsea No. of patients
(n = 169)

% of patients
(95% CI)

Overall response (CR + PR) 38 23 (16.4, 29.5)
CR 2 1 (0.1, 4.2)
PR 36 21 (15.4, 28.3)

SD 126 75 (67.3, 80.9)
PD 5 3 (1.0, 6.8)
DCRb 156 92 (87.2, 95.8)

CI, confidence interval; CR, complete response; DCR, disease con-

trol rate; PR, partial response; RECIST, Response Evaluation Criteria

in Solid Tumors; and SD, stable disease.
a CR and PR were confirmed.
b Defined as the proportion of patients who achieved confirmed

CR, PR, or SD on the basis of RECIST that was maintained for P28 d

following first demonstration of response.

Table 3 – Treatment-related adverse events occurring in P10% o

Any grade Grade 1

Any 160 (95) 21 (12)
Diarrhoea 125 (74) 52 (31)
Rash/desquamation 86 (51) 54 (32)
HFSR 83 (50) 33 (20)
Alopecia 66 (39) 62 (37)
Fatigue 64 (38) 36 (21)
Hypertension 43 (25) 9 (5)
Pruritus 37 (22) 30 (18)
Nausea 35 (21) 27 (16)
Flushing 20 (12) 18 (11)
Dry skin 29 (17) 23 (14)
Anorexia 29 (17) 16 (10)
Sensory neuropathy 28 (17) 20 (12)
Weight loss 26 (15) 8 (5)
Vomiting 23 (14) 16 (10)
Oral mucositis 17 (10) 13 (8)

HFSR, hand–foot skin reaction.
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tion, with an overall low incidence (5%, 2%, and 1%, respec-

tively). As shown in Fig. 2, anaemia and cardiac ischaemia/

infarction were reported later in the treatment, but no partic-

ular pattern was evident. Left ventricular systolic dysfunction

was experienced by 1 patient (9% of patients at risk) in cycle

17.

3.7. Overall incidence of AEs by cycle

Overall incidence rates of AEs of any grade per cycle during

the course of the therapy are reported in Fig. 3, and the overall

incidence of AEs of grade 3/4 are reported in Supplementary

Fig. 2. As expected from the early presentation of dermato-

logic AEs, incidence rates were moderately high in the early

cycles for rash/desquamation (37%, 39%, and 36% in cycles

1, 2, and 3, respectively) and HFSR (29%, 37%, and 35% in cy-

cles 1, 2, and 3, respectively). The incidence of HFSR de-

creased during each following cycle. Rash/desquamation

was reported less frequently in each cycle until cycle 10, in

which an incidence of 12% was reported, which was slightly

higher than the 11% in cycle 9, and there was another rise

in incidence from cycles 13 to 16, culminating in 20% of the

patients experiencing this AE. In cycles 17 and 18, 9% and

0% of patients reported rash/desquamation. Incidence rates

of diarrhoea rose during the early cycles (23%, 29%, 39%,

and 39% in cycles 1, 2, 3, and 4, respectively), and the percent-

age of patients experiencing diarrhoea remained moderately

high over the course of therapy, with a range of 29% of the pa-

tients in cycle 18 to 51% of patients in cycle 12. The incidence

varied little over time for fatigue (range, 13% in cycle 14 to 24%

in cycle 15) and hypertension (range, 8% in cycle 16 to 17% in

cycle 3).

Of the AEs with later presentations, anaemia was first

noted in 1.2% of the patients during cycle 4; in the follow-

ing cycles the range of incidence was 0% in cycle 15

to 14% (1 of the 7 patients at risk) in cycle 18. Cardiac
f patients who received sorafenib >1 year.

No. of patients (%)

Grade 2 Grade 3 Grade 4

81 (48) 49 (29) 9 (5)
69 (41) 4 (2) 0
31 (18) 1 (1) 0
38 (23) 12 (7) 0
4 (2) 0 0
24 (14) 4 (2) 0
25 (15) 8 (5) 1 (1)
6 (4) 1 (1) 0
8 (5) 0 0
2 (1) 0 0
6 (4) 0 0
12 (7) 1 (1) 0
8 (5) 0 0
14 (8) 4 (2) 0
7 (4) 0 0
4 (2) 0 0



0

5

10

15

20

25

30

35

40

Cycle

A
E 

Pr
es

en
ta

tio
n 

(%
 o

f P
at

ie
nt

s)

Rash/Desquamation

Patients at risk
169 105 94 89 87 85 84 84 80 70 62 50 36 25 16 9 5 4169

0

5

10

15

20

25

30

35

40

Cycle

HFSR

Patients at risk
169 120 101 98 97 93 93 90 84 72 63 54 42 29 17 11 5 3169

A
E 

Pr
es

en
ta

tio
n 

(%
 o

f P
at

ie
nt

s)

0

5

10

15

20

25

30

35

40

Cycle

Diarrhoea

Patients at risk
169 131 103 87 78 70 66 61 56 46 36 31 22 14 7 4 2 2169

A
E 

Pr
es

en
ta

tio
n 

(%
 o

f P
at

ie
nt

s)

a b

c d

e f

g h

0

5

10

15

20

25

30

35

40

Cycle

Fatigue

Patients at risk
169 146 138 130 126 121 120 120 108 95 82 67 54 36 23 15 5 4169

A
E 

Pr
es

en
ta

tio
n 

(%
 o

f P
at

ie
nt

s)

0

5

10

15

20

25

30

35

40

Cycle

Hypertension

Patients at risk
169 148 141 134 131 130 129 129 122 107 94 79 62 40 26 17 7 4169

A
E 

Pr
es

en
ta

tio
n 

(%
 o

f P
at

ie
nt

s)

Cumulative Event Rate of AE Presentation

0

10

20

30

40

50

60

70

80

Cycle

A
E 

Pr
es

en
ta

tio
n 

(%
 o

f P
at

ie
nt

s)

Diarrhoea
Fatigue
Rash/Desquamation
HFSR
Hypertension

A
E 

Pr
es

en
ta

tio
n 

(%
 o

f P
at

ie
nt

s)

0

5

10

15

20

25

30

35

40

Cycle

Haemoglobin

Patients at risk
169 169 169 169 167 167 167 164 153 136 120 103 80 54 36 24 10 6169

A
E 

Pr
es

en
ta

tio
n 

(%
 o

f P
at

ie
nt

s)

0

5

10

15

20

25

30

35

40

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Cycle

Cardiac Ischaemia/Infarction

Patients at risk
169 169 169 169 169 169 169 168 158 140 124 104 80 55 37 24 11 7169

Fig. 2 – (a–h) Rates of initial presentation per cycle of treatment-related AEs of any grade occurring in patients treated with

sorafenib for >1 year.
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ischaemia/infarction was reported once each in cycles 7, 8,

and 15, mirroring the presentation rates. The incidence of
grade 3/4 AEs by interval was similar to the presentation

rates for grade 3/4 AEs.



a b

c d

e f

0

10

20

30

40

50

60

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Cycle

A
E 

In
ci

de
nc

e 
(%

 o
f P

at
ie

nt
s)

Rash/Desquamation

Patients at risk
169 169 169 169 169 169 169 169 160 141 125 105 81 56 37 25 11 7169

0

10

20

30

40

50

60

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Cycle

A
E 

In
ci

de
nc

e 
(%

 o
f P

at
ie

nt
s)

Patients at risk
169 169 169 169 169 169 169 169 160 141 125 105 81 56 37 25 11 7169

HFSR

0

10

20

30

40

50

60

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Cycle

A
E 

In
ci

de
nc

e 
(%

 o
f P

at
ie

nt
s)

Diarrhoea

Patients at risk
169 169 169 169 169 169 169 169 160 141 125 105 81 56 37 25 11 7169

0

10

20

30

40

50

60

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Cycle

A
E 

In
ci

de
nc

e 
(%

 o
f P

at
ie

nt
s)

Fatigue

Patients at risk
169 169 169 169 169 169 169 169 160 141 125 105 81 56 37 25 11 7169

0

10

20

30

40

50

60

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Cycle

A
E 

In
ci

de
nc

e 
(%

 o
f P

at
ie

nt
s)

Hypertension

Patients at risk
169 169 169 169 169 169 169 169 160 141 125 105 81 56 37 25 11 7169

0

10

20

30

40

50

60

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Cycle

A
E 

In
ci

de
nc

e 
(%

 o
f P

at
ie

nt
s)

Haemoglobin

Patients at risk
169 169 169 169 169 169 169 169 160 141 125 105 81 56 37 25 11 7169

Fig. 3 – (a–f) Rates of overall incidence per cycle of treatment-related AEs of any grade occurring in patients treated with

sorafenib for >1 year.
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4. Discussion

This post hoc exploratory subanalysis describes 169 patients

who remained on sorafenib for >1 year while enrolled in

TARGET. Sorafenib was associated with a long PFS and was
well tolerated during extended courses of therapy. Notably,

treatment-related AEs tended to emerge early in the treat-

ment, with few initial presentations occurring in later cycles.

However, these results should be viewed with some caution

because of the small patient population and potential bias
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in the selection of patients who received sorafenib for >1 year.

Despite few data on the long-term administration of sorafe-

nib and other targeted therapies, this retrospective analysis

provides valuable insights that may help guide clinical deci-

sion making.

It is important to note that this long-term treatment sub-

population included patients who tended to have a better

baseline health status than the full study population (ECOG

PS 0, 56.8% versus 48.6%, respectively; favourable MSKCC

score, 67% versus 52%, respectively).5 While other baseline

characteristics were similar to the sorafenib arm of TARGET,

the baseline health status is a substantial factor in the prog-

nosis for advanced RCC, and so the subpopulation described

here included a greater proportion of patients with good prog-

nosis than the randomised population. Moreover, this sub-

population was defined by the duration of therapy of

P12 months. Patients continued on sorafenib for an extended

period if they experienced a clinical response to sorafenib,

and correspondingly, the DCR was higher in this subpopula-

tion than in all patients in the sorafenib arm (92% versus

62%), primarily due to the higher proportion of the responders

(21% versus 10%).

Patients in the long-term treatment subpopulation gener-

ally tolerated sorafenib well. The incidence of treatment-

related AEs of any grade was 95%. The high incidence of

AEs may reflect the prolonged exposure to sorafenib (>1 year).

It is reasonable to predict that the long-term administration

of a drug will lead to a higher cumulative incidence of AEs.

No unexpected toxicities occurred, and most AEs were grade

1 or 2 in severity. The most frequently reported AEs were diar-

rhoea, rash/desquamation, HFSR, alopecia, and fatigue. Alto-

gether, these data suggest that the long-term administration

of sorafenib is associated with acceptable toxicity.

Treatment-related AEs tended to present most frequently

in the first cycle, and the incidence patterns of AEs of any

grade varied in later cycles. The rates of initial presentation

and overall incidence of HFSR and rash/desquamation

dropped substantially after the first cycle, suggesting that pa-

tients who do not experience these AEs early in the course of

the treatment are unlikely to develop them later. Diarrhoea,

fatigue, and anaemia were the only AEs that increased in inci-

dence over the course of the therapy. Although the increases

or decreases of severity cannot be determined from these

analyses, the rates of the initial presentation of AEs grade 3/

4 did not suggest that AEs became more severe over time. De-

spite the prevalence of hypertension in this subpopulation,

cardiovascular AEs occurred stochastically over the treatment

cycles, and these SAEs were rare. In a recent observational

study of the cardiotoxicity of sorafenib and sunitinib, Schmi-

dinger and colleagues reported that some patients who expe-

rienced cardiovascular AEs were asymptomatic without the

regular assessments of biochemical indications and echocar-

diogram changes.16 It is important to note that TARGET was

not designed to evaluate cardiotoxicity, and so cardiac func-

tion was not routinely monitored; the safety profile presented

here may underestimate the prevalence of these AEs. Moni-

toring patients with a history of cardiovascular disease is rec-

ommended with the use of all antiangiogenic therapies.13

The decision to treat the patients enrolled in TARGET post-

progression was made by the investigator based on the
improvements in the health status of the patient, despite

the growth of the primary lesion as assessed by RECIST. The

results of this subanalysis suggest that therapy beyond dis-

ease progression may be feasible for some patients if there

is a clinical benefit prior to reaching the PFS time point. This

observation complements the findings of recent dose-escala-

tion studies. Two phase II trials have investigated the efficacy

of the dose escalation of sorafenib post-progression.17,18 Both

the studies reported that progression can be delayed by

increasing sorafenib dosage after documented progression.

As seen in this subanalysis of TARGET, no unexpected AEs oc-

curred during the extended courses of sorafenib therapy.17,18

Indeed, Escudier and colleagues reported a decrease in the

AE incidence during the period of treatment post-progression,

potentially reflecting successful AE management during the

first course of the treatment.18 Sequential therapy with tar-

geted agents has become a standard practise in the treatment

of advanced RCC, whereby a second drug is prescribed after

disease progression on the first.19 The data presented here

and in dose-escalation studies suggest that long-term sorafe-

nib therapy, including continued therapy post-progression, is

possible.

The results of this subanalysis demonstrate that sorafenib

is well tolerated during long-term administration. One limita-

tion of this study is that it was a post hoc exploratory analysis

rather than a prospective trial; TARGET was not designed to

evaluate long-term safety, and these post-crossover safety

analyses are descriptive. Nonetheless, sorafenib treatment

for >1 year did not lead to unexpected AEs, indicating that

there is no cumulative toxicity. AEs presented early in the

course of treatment, and did not portend future intolerance

to sorafenib. Instead, treatment through toxicity, accompa-

nied by management of AEs, may allow patients to achieve

tumour control with sorafenib. Results of this subanalysis

advocate for management of AEs with early recognition and

treatment if they develop. Patients may then be able to con-

tinue sorafenib therapy through the early cycles and experi-

ence the drug’s full potency to achieve disease control over

the course of therapy. Moreover, the data suggest that the op-

tion of continued therapy post-progression is possible. Clini-

cal trials designed to evaluate long-term treatment safety

with sorafenib and other TKIs are needed to validate these

observations.
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