
original
reports

Panitumumab Plus Fluorouracil and
Folinic Acid Versus Fluorouracil and Folinic Acid
Alone as Maintenance Therapy in RASWild-Type
Metastatic Colorectal Cancer: The Randomized
PANAMA Trial (AIO KRK 0212)
Dominik Paul Modest, MD1,2; Meinolf Karthaus, MD3; Stefan Fruehauf, MD4; Ullrich Graeven, MD5; Lothar Müller, MD6;

Alexander Otto König, MD7; Ludwig Fischer von Weikersthal, MD8; Karel Caca9, Albrecht Kretzschmar, MD10; Eray Goekkurt, MD11,12;

Siegfried Haas, MD13; Annika Kurreck, MD1; Arndt Stahler, MD1; Swantje Held, MSc15; Armin Jarosch, MD15; David Horst, MD2,15;

Anke Reinacher-Schick, MD16; Stefan Kasper, MD2,17; Volker Heinemann, MD2,18; Sebastian Stintzing, MD1,2; and Tanja Trarbach, MD19

abstract

PURPOSE The randomized PANAMA trial investigated the efficacy of panitumumab (Pmab) when added to
maintenance therapy with fluorouracil and folinic acid (FU/FA) in patients with RAS wild-type metastatic
colorectal cancer.

METHODS Following first-line induction therapy with six cycles of FU/FA and oxaliplatin plus Pmab, responding
patients (stable disease or partial or complete remission) were randomly assigned (1:1, open-label) to
maintenance treatment with either FU/FA plus Pmab or FU/FA alone. The primary objective was to demonstrate
superiority of progression-free survival (PFS, time from random assignment until progression or death) in favor of
FU/FA plus Pmab with a hazard ratio (HR) of 0.75, a power of 80%, and a significance level of 10%. Secondary
end points included overall survival, objective response rate of maintenance therapy, and toxicity. Survival end
points were analyzed by the Kaplan-Meier method and compared by log-rank test and Cox regressions. Di-
chotomous variables were compared by Fisher’s exact test; odds ratios were indicated when appropriate. The
trial is registered with ClinicalTrials.gov (NCT01991873).

RESULTS Overall, 248 patients were randomly assigned and received maintenance therapy with either FU/FA
plus Pmab (125 patients) or FU/FA alone (123 patients). At data cutoff, with 218 events (of 218 needed), PFS of
maintenance therapy was significantly improved with FU/FA plus Pmab (8.8 months v 5.7 months; HR, 0.72;
80%CI, 0.60 to 0.85; P5 .014). Overall survival (event rate 54%) numerically favored the FU/FA plus Pmab arm
(28.7 months v 25.7 months; HR, 0.84; 95% CI, 0.60 to 1.18; P5 .32). Objective response rates were 40.8% in
patients receiving FU/FA plus Pmab versus 26.0% in patients receiving FU/FA alone (odds ratio, 1.96; 95% CI,
1.14 to 3.36; P 5 .02). The most frequent Common Terminology Criteria for Adverse Event grade $ 3 event
during maintenance therapy was skin rash (7.2%).

CONCLUSION In RAS wild-type metastatic colorectal cancer, maintenance therapy with FU/FA plus Pmab
induced a significantly superior PFS compared with FU/FA alone. If active maintenance therapy is aspired
following induction therapy with FU/FA and oxaliplatin plus Pmab, FU/FA plus Pmab appears to be the most
favorable option.
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INTRODUCTION

Previously untreated patients with microsatellite-stable
metastatic colorectal cancer (mCRC) are typically
treated with combinations of fluorouracil and folinic
acid (FU/FA) plus either oxaliplatin (FOLFOX) or iri-
notecan or with all three agents.1-8 Additionally,
monoclonal antibodies targeting either the epidermal
growth factor receptor (EGFR) or the vascular

endothelial growth factor are added to these chemo-
therapy backbones. Whereas anti-EGFR antibodies are
typically used in patients with RAS wild-type (WT)
mCRC and primaries located between the splenic
flexure and rectum, all other patients are candidates for
anti–vascular endothelial growth factor therapy with
bevacizumab.1,2,6,7,9-16 Importantly, chemotherapeutic
regimens (notably oxaliplatin-based regimens because
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of neurotoxicity) are associated with toxicities that frequently
impair the tolerability and the continuation of treatment.17-21

Therefore, in the preantibody era, maintenance therapy with
fluoropyrimidineswas established following induction therapy
with fluoropyrimidines and oxaliplatin on the basis of the
results of the OPTIMOX trial.19 The evaluation ofmaintenance
strategies following induction therapy including an anti-EGFR
antibody has not lead to a standard of care yet. Previous
studies have demonstrated the efficacy of anti-EGFR anti-
bodies alone during maintenance therapy.22-24 However, a
recent study suggested that maintenance therapy with
panitumumab (Pmab), a fully humanized anti-EGFR anti-
body, plus FU/FA was superior in terms of progression-free
survival (PFS) compared with Pmab alone.25

The PANAMA trial was designed to evaluate the efficacy of
Pmab during maintenance therapy with FU/FA in patients
withRASWTmCRC in a randomized, controlled, open-label,
phase II trial. Patients with complete or partial remission or
stable disease after six cycles of FOLFOX plus Pmab were
randomly assigned to either continuation of therapy with FU/
FA plus Pmab or FU/FA alone. PFS of maintenance therapy
was analyzed as the primary end point.

METHODS

Patients

Main inclusion criteria included the following: RAS WT
mCRC (KRAS and NRAS exons 2-4), Eastern Cooperative
Oncology Group performance status 0-1, no previous
chemotherapy for metastatic disease with the exception of
one application of FOLFOX in patients in need of treatment
while waiting for the result of RAS testing, measurable
disease (on the basis of RECIST version 1.1 criteria), and
adequate organ function. Key exclusion criteria included
the following: untreated central nervous system lesions
and, 6 months interval after end of adjuvant treatment for
colorectal cancer.

Design of the Trial and End Points

The trial was designed by T.T., D.P.M., S.K., S.S., and U.G.
within the Arbeitsgemeinschaft Internistische Onkologie
working group of colorectal cancer. The trial started with
induction therapy with six cycles of FOLFOX plus Pmab (see
below, “Treatment” section) for all patients. Following in-
duction therapy, patients with stable disease versus partial or
complete remission were randomly assigned in a 1:1 ratio to
FU/FA plus Pmab versus FU/FA alone. After failure of these
maintenance therapies, the study scheduled reintroduction
of FOLFOX plus Pmab in both arms of the trial (Fig 1).

Random assignment into maintenance therapy arms was
organized centrally by electronic case report form using
permuted block randomization, sizes 4 and 6. Random
assignment was stratified by objective response to therapy
after induction therapy (complete or partial remission v
stable disease), prior adjuvant therapy with oxaliplatin (yes
v no), and planned full dose of Pmab during maintenance
therapy versus reduced dose in case of random assignment
into the Pmab arm.

The primary end point was PFS of maintenance therapy,
defined as time from random assignment to progression
(according to RECIST 1.1, assessed by the local investi-
gator) or death from any cause, whichever occurred first.

The statistical hypothesis was based on the median PFS of
8.6 months in the OPTIMOX trial with planned de-
escalation of oxaliplatin.19 With the exclusion of the in-
duction therapy interval but selection for patients with fa-
vorable prognostic factors (no early progressions or deaths,
tolerated therapy, and RASWT tumors), we hypothesized a
median PFS of 7.5 months in the FU/FA arm. On the basis
of PFS improvements in phase III trials adding Pmab to
chemotherapy with hazard ratios (HRs) between 0.73 and
0.80,17,26 the PANAMA trial aimed to improve the PFS of
maintenance therapy to 10.0 months with FU/FA plus
Pmab, corresponding to an HR of 0.75. With 218 events for

CONTEXT

Key Objective
This trial aims to evaluate the efficacy of panitumumab (Pmab) in combination with fluorouracil and folinic acid (FU/FA)

versus FU/FA alone as maintenance therapy following six cycles of induction therapy with FU/FA, oxaliplatin, and Pmab
in patients with RAS wild-type metastatic colorectal cancer.

Knowledge Generated
Pmab adds efficacy to FU/FA as maintenance therapy in terms of progression-free survival. Moreover, overall survival

numerically favors this combination over FU/FA alone without reaching statistical significance. More patients achieved
objective tumor responses during maintenance with FU/FA plus Pmab as compared with FU/FA alone.

Relevance
To the best of our knowledge, this is the first randomized trial evaluating the addition of an epidermal growth factor receptor

antibody to FU/FA maintenance therapy in patients with RAS wild-type metastatic colorectal cancer. The trial suggests
that if active maintenance therapy is aspired, FU/FA plus Pmab appears to be the most favorable option.
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PFS, the trial had 80% power and a (one-sided) a-error of .1
to detect the aforementioned improvement with Pmab.
Secondary end points of the trial included PFS of reinduction
therapy (progression during maintenance until progression
or death during reinduction), objective response rate after
12 weeks of induction chemotherapy according to RECIST
version 1.1, objective best response during maintenance
and reinduction (according to RECIST 1.1. with baseline at
respective start of treatment phase), overall survival (OS)
measured from time of random assignment and from start of
induction therapy until death from any cause, safety, health,
and skin-related quality of life. Treatment duration of
maintenance therapy and reinduction therapy was defined
as time from first to last application of maintenance or
reinduction therapy, respectively.

Statistical Analysis

The preplanned analysis of the primary end point (PFS of
maintenance therapy) was conducted in the full analysis
population, a modified intent-to-treat population comprising
all randomly assigned patients with at least one dose of
maintenance treatment. For confirmatory testing, the differ-
ence in PFS of maintenance therapy between the two
treatment arms was evaluated by a stratified log-rank test.
Furthermore, a stratified Cox regression model was used to
estimate the HR. For sensitivity analysis, a multivariate Cox
proportional hazards model was fitted using the stratification
factors at random assignment as covariates in addition to the
treatment parameter. Dichotomous variables were compared
by Fisher’s exact test; additionally, odds ratios with 95% CIs
were indicated when appropriate. Survival end points were
analyzed by the Kaplan-Meier method, expressed asmedian,
and compared with log-rank tests and Cox regressions (HRs
with 80%/95% CI were indicated). The two-sided signifi-
cance level for secondary and exploratory end points was set
to .05. Further differences between study arms were de-
scribed and evaluated on an exploratory level—respective
statistical methods included the inverse Kaplan-Meier

method (follow-up). All statistical analyses were done using
SAS 9.4 (SAS Institute Inc, Cary, NC) and SPSS 27 (IBM,
Armonk, NY). Data cutoff was March 3, 2021.

Trial Conduct

The trial recruited patients in 70 centers in Germany in
accordance with the Protocol (online only) and in com-
pliance with the Declaration of Helsinki. The Protocol was
approved by the responsible ethics committees of the
participating centers. Patients provided written informed
consent before trial entry. A contract research organization
(ClinAssess GmbH, Leverkusen, Germany) was responsible
for random assignment, data management, monitoring,
and primary data analysis. The trial is registered with
ClinicalTrials.gov (NCT01991873).

Treatment

FOLFOX plus Pmab was given once every two weeks for six
cycles with oxaliplatin 85 mg/m2, folinic acid 400 mg/m2,
fluorouracil 2,400 mg/m2 (one dose administered over 48
hours) plus Pmab 6 mg per kg body weight. After random
assignment, the frequency of application and dosing was
maintained with continued application of FU/FA with or
without Pmab until progression or occurrence of unac-
ceptable toxicity. To prevent patients from Pmab-induced
acneiform rash, it was recommended to use doxycycline as
prophylaxis for the first 6 weeks and reactively if needed
beyond this interval.

Assessments

The study Protocol defined tumor assessment as computed
tomography or magnetic resonance imaging of the thorax
and the abdomen. Following initial imaging (within 21 days
before study start), reassessments were scheduled after six
cycles of induction therapy and every 8 weeks during
maintenance therapy. For the evaluation of maintenance
therapy, the assessment after six cycles of induction
therapy served as baseline. Assessments were performed

FOLFOX plus
Pmab

six cycles

RAS WT mCRC

Unpretreated for
metastatic disease

(one prior FOLFOX allowed)

ECOG 0-1

Measurable disease
(RECIST 1.1)

Adequate organ function

CR
PR
SD

Dropoutsa

PD

PD

PFS

FOLFOX plus
Pmab

FOLFOX plus
Pmab

R

FU/FA plus
Pmab

FU/FA

FIG 1. Study design. aDropouts include death, progression, adverse events, and investigator’s decision. CR, complete remission; ECOG, Eastern
Cooperative Oncology Group; FOLFOX, fluorouracil, folinic acid, and oxaliplatin; FU/FA, fluorouracil and folinic acid; mCRC, metastatic colorectal
cancer; PD, progressive disease; PFS, progression-free survival; Pmab, panitumumab; PR, partial remission; R, random assignment; SD, stable
disease; WT, wild type.
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according to RECIST version 1.1. After study participation,
further assessments were scheduled for a maximum of 5
years. Adverse events were documented according to the
grading of the National Cancer Institute Common Termi-
nology Criteria for Adverse Events from registration into the
trial until the final study visit.

RESULTS

Patients and Treatment

The PANAMA trial included 387 patients between May
2014 and February 2021. Of those, 377 patients received
induction therapy (safety set), 265 underwent random
assignment, and 248 received maintenance therapy (125

patients FU/FA plus Pmab; 123 patients FU/FA alone). The
latter population served as the full analysis set for the
confirmatory analysis of the primary end point. Reinduction
therapy with FOLFOX plus Pmab was performed in 45
patients (36%) of the FU/FA plus Pmab group and 75
patients (61%) of the FU/FA maintenance group (Fig 2).
Characteristics of patients and tumors were evaluated for
the safety set and for the full analysis set. Relevant char-
acteristics were generally balanced between the study arms
with a slightly higher frequency of peritoneal lesions
and. 1 organ disease in the FU/FA arm (Table 1). Median
follow-up of the full analysis set was 35.8 months (95% CI,
32.8 to 43.1) and 36.3months (95%CI, 28.8 to 42.8) in the
FU/FA plus Pmab and FU/FA alone group, respectively.

Patients registered (N = 387)
(patients not treated; n = 10)

Patients assigned to
FU/FA plus Pmab (n = 133)

Patients assigned to
FU/FA (n = 132)

Patients received therapy
FU/FA plus Pmab   (n = 125)

Patients with PFS      (n = 109)
  event 
Patients on treatment   (n = 8)
Patients in follow-up     (n = 8)

Patients received therapy
FU/FA

Patients with PFS event (n = 109)
    Patients on treatment    (n = 5)
    Patients in follow-up      (n = 9)

Patients treated with FOLFOX
plus Pmab (n = 377)

Safety set

Patients reintroduced with
FOLFOX plus Pmab (n = 45)

Patients reintroduced with
FOLFOX plus Pmab (n = 75)

Patients not treated   (n = 9)
Patient's decision             (n = 4)
Diagnosis of second        (n = 1)
  malignancy 
Resection of primary       (n = 1)
  tumor 
Tumor stenosis                (n = 1)
Progressive disease         (n = 1)
Adverse event                  (n = 1)

Patient's decision             (n = 4)
Death                                 (n = 1)
Resection of liver              (n = 1)
  metastases 
Progressive disease         (n = 1)
Investigator's decision     (n = 1)

Patients not treated    (n = 8)

Full analysis set

Patients not
randomly assigned   (n = 112)

Deaths                              (n = 6)
Progressive diseases    (n = 19)
Secondary resections   (n = 45)
Other medical reasons   (n = 6)
Adverse events             (n = 19)
Patient‘s decisions          (n = 9)
Other reasons                  (n = 5)
Unknown reasons           (n = 2)
Random assignment       (n = 1)
    stopped 

FIG 2. CONSORT diagram. FOLFOX, fluorouracil, folinic acid, and oxaliplatin; FU/FA, fluorouracil and folinic acid;
PFS, progression-free survival; Pmab, panitumumab; secondary resections, resection of metastases.
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TABLE 1. Patient and Tumor Characteristics

Characteristic

Full Analysis Set (randomly assigned and treated with
maintenance therapy)

Safety Set (registered and treated) (n 5 377)FU/FA Plus Pmab (n 5 125) FU/FA (n 5 123)

Sex, No. (%)

Male 87 (69.6) 78 (63.4) 248 (65.8)

Female 38 (30.4) 45 (36.6) 129 (34.2)

Age, years

Median (range) 66 (44-84) 65 (30-86) 65 (30-86)

ECOG PS, No. (%)c

0 71 (56.8) 74 (60.2) 213 (56.5)

1 54 (43.2) 47 (38.2) 161 (42.7)

Missing information 0 (0.0) 2 (1.6) 3 (0.8)

Onset of metastases, No. (%)

Synchronous 100 (80.0) 99 (80.5) 302 (80.1)

Metachronous 24 (19.2) 24 (19.5) 73 (19.4)

Missing information 1 (0.8) 0 (0.0) 2 (0.5)

Site of primary tumor, No. (%)

Left-sided 99 (79.2) 100 (81.3) 296 (78.5)

Right-sided 19 (15.2) 19 (15.4) 62 (16.4)

Both or unknown 7 (5.6) 4 (3.3) 19 (5.1)

Metastatic site(s), No. (%)

Liver 99 (79.2) 104 (84.6) 307 (81.4)

Liver-limited 53 (42.4) 49 (39.8) 163 (43.2)

Lung 27 (21.6) 34 (27.6) 89 (23.6)

Peritoneum 13 (10.4) 22 (17.9) 56 (14.9)

One organ involved 70 (56.0) 63 (51.2) 208 (55.2)

. 1 organ involved 54 (43.2) 60 (48.8) 167 (43.3)

Unclear No. of organs 1 (0.8) 0 (0.0) 2 (0.5)

Prior treatment, No. (%)

Surgery of primary tumor 93 (74.4) 83 (67.5) 261 (69.2)

Adjuvant chemotherapy 16 (12.8) 16 (13.0) 48 (12.7)

Adjuvant therapy including oxaliplatin 10 (8.0) 4 (3.3) 21 (5.6)

Radiotherapy 14 (11.2) 14 (11.4) 45 (11.9)

One prior cycle of FOLFOX 12 (9.6) 17 (13.8) 54 (14.3)

Response to induction therapy, No. (%)

ORR 101 (80.8) 99 (80.5) 230 (61.0)

Stable disease 24 (19.2) 24 (19.5) 70 (18.6)

Progressive disease — — 21 (5.6)

Not evaluated — — 56 (14.9)

Intended dosage of Pmab, No. (%)

Full dose 99 (79.2) 104 (84.6) —

Reduced dose 26 (20.8) 19 (15.4) —

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; FOLFOX, fluorouracil, folinic acid, and oxaliplatin; FU/FA, fluorouracil
and folinic acid; left-sided primary tumor, splenic flexure to rectum; ORR, objective response rate; right-sided primary tumor, caecum to transverse colon;
Pmab, panitumumab.
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Study Treatment Duration and Treatment Beyond Study

Median treatment duration with maintenance therapy was
5.2 months (range, 0.0-32.5) in the FU/FA plus Pmab arm
and 4.4 months (range, 0.0-32.9) in the FU/FA alone arm.
More than six cycles of maintenance therapy were ob-
served in 96 of 125 patients of the FU/FA plus Pmab arm
(76.8%) and 81 of 123 patients of the FU/FA alone arm
(65.9%). Dose intensities are summarized in Appendix
Figure A1 (online only). Median treatment duration of

reinduction therapy was 1.9 months (range, 0.0-9.9) in
patients pretreated with FU/FA plus Pmab and 3.3 months
(range, 0.0-33.9) in patients following FU/FA maintenance
therapy. Progression was the most frequent reason for the
end of study treatment during maintenance therapy (Ap-
pendix Table A1, online only). At data cutoff, 63 patients of
the FU/FA plus Pmab arm (50.4%) and 50 patients of the
FU/FA arm (40.7%) had documented second-line thera-
pies (Appendix Table A2, online only).
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FIG 3. Kaplan-Meier estimates of the full analysis set for PFS and OS. Indicated HRs derived from Cox regression testing.
P values derived from log-rank tests. (A) Kaplan-Meier estimate of PFS of the full analysis set (primary end point) and (B)
Kaplan-Meier estimate of OS of the full analysis set (secondary endpoint). FU/FA,fluorouracil and folinic acid; FU/FA/Pmab,
panitumumab plus FU/FA; HR, hazard ratio; OS, overall survival; PFS, progression-free survival; Pmab, panitumumab.
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Efficacy of Maintenance Therapy

The primary end point of the trial (analyzed with 218
events) was met with a significant improvement of PFS of
maintenance therapy (HR, 0.72; 80% CI, 0.60 to 0.85;
P 5 .014) by the addition of Pmab to FU/FA (8.8 months;
80% CI, 7.6 to 10.2) as compared with FU/FA alone
(5.7 months; 80% CI, 5.6 to 6.0; refer to Figure 3A). The
multivariate sensitivity analysis confirmed the treatment
effect (HR, 0.71; 80% CI, 0.60 to 0.85; P 5 .014). In an
exploratory analysis of PFS, a relatively uniform magnitude
of benefit from the addition of Pmab was observed in all
analyzed subgroups (Fig 4).

OS (event rate: 54.4%) numerically favored FU/FA and
Pmab versus FU/FA alone (28.7 months; [95% CI, 25.4 to
39.1] v 25.7 months [95% CI, 22.2 to 28.2]), although this

was not significant (HR, 0.84; 95% CI, 0.60 to 1.18;
P 5 .32; Fig 3B).

Objective response according to RECIST 1.1 during
maintenance therapy was observed in 51 patients (40.8%)
receiving FU/FA plus Pmab and 32 patients (26.0%) re-
ceiving FU/FA alone (odds ratio, 1.96; 95% CI, 1.14 to
3.36; P5 .02). In both arms of the trial, objective responses
during maintenance therapy were primarily (90.2% v
93.8%, respectively) observed in patients who had
achieved objective responses following prior induction
therapy (Appendix Table A3, online only).

Survival Estimates From Start of Induction Therapy

PFS of the full analysis set from start of induction therapy
until progression or death was 11.8 months (95% CI, 10.0
to 13.5) versus 8.6 months (95% CI, 8.1 to 9.1) in patients
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0.71 (95% CI, 0.46 to 1.11)
0.71 (95% CI, 0.50 to 0.99)

0.74 (95% CI, 0.55 to 0.99)
0.65 (95% CI, 0.35 to 1.20)

0.83 (95% CI, 0.57 to 1.21)
0.58 (95% CI, 0.39 to 0.86)

0.73 (95% CI, 0.54 to 0.98)
0.72 (95% CI, 0.37 to 1.40)

0.71 (95% CI, 0.51 to 0.98)
0.77 (95% CI, 0.47 to 1.27)

0.72 (95% CI, 0.55 to 0.94)

Favors FU/FA plus Pmab Favors FU/FA

Full-dose maintenance

Group Analyzed Hazard Ratio

Reduced-dose maintenance

Stable disease (induction therapy)

Objective response (induction therapy)

Female patients
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ECOG 0
ECOG 1

No prior adjuvant therapy
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Liver-limited disease
No liver-limited disease
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One metastatic site
> 1 metastatic site
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Resected primary tumor
Unresected primary tumor

All patients

FIG 4. Subgroup analysis of progression-free survival. Forest plot with indicated analyses. Hazard ratios for progression
or death with 95% CI. ECOG, Eastern Cooperative Oncology Group; FU/FA, fluorouracil and folinic acid; left-sided
primary tumor, splenic flexure to rectum; Pmab, panitumumab; right-sided primary tumor, caecum to transverse colon.
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receiving FU/FA plus Pmab versus patients receiving FU/FA
maintenance, respectively. OS from start of induction therapy
until death from any cause was 31.5months (95%CI, 26.7 to
36.4) in patients receiving FU/FA plus Pmab, 28.4 months
(95% CI, 24.6 to 32.1) in patients receiving FU/FA main-
tenance, and 18.1 months (95% CI, 11.6 to 24.6) in patients
without maintenance therapy (Appendix Fig A2, online only).

Efficacy of Reinduction Therapy

Objective response to reinduction therapy was 8.9% (4 of
45 patients) versus 34.7% (26 of 75 patients) in patients
who had received FU/FA and Pmab versus FU/FA alone as
maintenance therapy, respectively (odds ratio, 0.18; 95%
CI, 0.06 to 0.57; P 5 .002). Correspondingly, PFS of
reinduction therapy with FOLFOX plus Pmab was
3.8 months (95% CI, 2.5 to 4.8) versus 6.3 months (95%
CI, 4.7 to 8.2) in patients who had received FU/FA and
Pmab versus FU/FA alone as maintenance therapy (HR,
2.34; 95% CI, 1.54 to 3.56; P , .001).

Toxicity and Safety

Of 377 patients in the safety set of the trial, 138 patients
(36.6%) experienced at least one serious adverse event
related or unrelated to study medication; of those, 105
(27.9%) patients had a grade $ 3 event. Nine grade 5
serious adverse events (six during induction phase, two in
the FU/FA plus Pmab arm, and one in the FU/FA arm, all of
them not suspected as treatment-related) were reported
(terms were as follows: aspiration, bleeding event, ischemic
cardiac event, multiorgan failure [23], renal failure, re-
spiratory tract infection, road traffic accident, and sudden
death).

The highest frequency of grade $ 3 events of the safety
population was reported for acneiform rash with 73 of 377
(19.4%) patients (Appendix Table A4, online only).

Adverse events with first or most severe onset during
maintenance therapy were observed with moderate fre-
quency and hardly comprised further hematologic effects.
The highest frequency of grade $ 3 adverse events with
new onset during maintenance was acneiform rash (7.2%)
in the Pmab arm (Table 2).

DISCUSSION

The development of maintenance therapies is based on the
clinical necessity to discontinue or reduce oxaliplatin-based
chemotherapies because of toxicity and intolerability
(mostly accumulating neurotoxicity).1,18,19,27 Therefore,
maintenance therapy concepts are usually free of
oxaliplatin.19,27-29 In the context of antibody-based regi-
mens, this leads to three potential strategies of mainte-
nance therapy: monotherapy with a fluoropyrimidine as
established by OPTIMOX,19 monotherapy with the mono-
clonal antibody used during induction therapy, or a com-
bination of both. Accordingly, fluoropyrimidines plus
bevacizumab became the preferred maintenance option

following induction therapy with fluoropyrimidines, oxali-
platin, and bevacizumab.28,29 Interestingly, to the best of
our knowledge, fluoropyrimidines as standard mainte-
nance therapy of the preantibody era were not used as
control arms in maintenance studies involving monoclonal
antibodies. This is despite the fact that maintenance
therapy with bevacizumab alone was not found to be
sufficiently active28,30 and maintenance with an anti-EGFR
antibody alone, despite activity signals,22-24,31 was inferior to
a maintenance treatment combining FU/FA and Pmab
(VALENTINO study).25 The latter trial emphasized the need
for a randomized comparison of antibody-freemaintenance
with FU/FA versus the combination of FU/FA plus an anti-
EGFR antibody. In the PANAMA study, maintenance
treatment with Pmab and FU/FA significantly prolonged
PFS compared with FU/FA with a relative improvement of
28%. In addition, OS was numerically prolonged in the FU/
FA plus Pmab arm without reaching statistical significance.
Immature event rates, sample size, and the higher fre-
quency and superior efficacy of reinduction therapy in the
FU/FA arm as compared with the FU/FA plus Pmab arm are
likely explanations for this observation. The latter aspect
may suggest that induction of a new treatment line rather
than reinduction was a more favorable option after FU/FA
plus Pmab maintenance therapy.

Maintenance therapy with FU/FA plus Pmab was generally
well-tolerated with a slightly higher rate of adverse events as
compared with FU/FA alone. Since patients were selected
for favorable efficacy and tolerability before random as-
signment, these results should be interpreted with some
caution. Nevertheless, the favorable toxicity profile during
maintenance therapy supports FU/FA plus Pmab as an
attractive maintenance option.

The PANAMA study has several limitations. First, without a
standard of care, the control arm of the PANAMA study
could have been considered experimental and vice versa.
Second, the comparability of the trial results is limited by
the duration of 3 months induction therapy, which is rather
short compared with other maintenance trials.25,28,29

However, it could be argued that induction therapy in-
volving an anti-EGFR antibody reaches themaximum depth
of response after a median of 3-4 months and the induction
interval might be considered adequate from a biologic
standpoint.13,32 Furthermore, the evaluation of mainte-
nance efficacy only in patients who actually underwent
maintenance therapy was not consistently conducted in
other maintenance therapy trials.22-25,29,31,33

Third, the PANAMA trial included subgroups of patients
with right-sided primary tumor location, BRAF-mutated
tumors, and/or microsatellite instability–high tumors who
are not ideal candidates for anti-EGFR antibody–based
first-line therapy.8-10,14,34 Interestingly, right-sided primary
tumor location was slightly underrepresented within the
PANAMA trial,9,10,14,15,25 suggesting a potential selection by
the investigators. Of note, the Pmab-driven improvement of
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PFS appeared independent of primary tumor site. However,
small sample size of patients with right-sided primary tu-
mors and bias because of selection for anti-EGFR
antibody–sensitive tumors before random assignment
might explain this finding. Data concerning BRAF-mutant
tumors and/or microsatellite instability–high tumors are not
yet available for PANAMA. However, given the clearly
positive primary efficacy end point, an exploratory analysis
excluding subgroups unlikely to benefit from EGFR-
targeted maintenance therapy will presumably not affect
the interpretation of the trial.

Fourth, although unlikely to have driven the outcome of the
trial, a little imbalance concerning negative prognostic char-
acteristics (ie, peritoneal metastases and number of meta-
static sites)may have favored the Pmab-based arm of the trial.

Fifth, with prolonged PFS as the primary end point and
without a clear OS benefit in this trial, which compares

favorably with various trials in this setting,35,36 the concept
of maintenance therapy is questionable as a general
standard of care. Therefore, complete treatment breaks as
a quality of life–friendly alternative remain an option in
selected patients.

Last, it is unclear to which extend our data on FU/FA plus
Pmab as favorable maintenance therapy can be extrapo-
lated to other anti-EGFR antibody–based induction therapy
regimens.

In conclusion, in RAS WT mCRC, maintenance therapy
with FU/FA plus Pmab induced a significantly superior PFS
compared with FU/FA alone. If active maintenance therapy
is aspired following induction therapy with FOLFOX plus
Pmab, FU/FA plus Pmab appears to be the most favorable
option. Longer follow-up and future studies may help to
understand to which extent maintenance therapy including
anti-EGFR antibodies affects OS.

TABLE 2. Grades 1-4 Adverse Events of Interest With Onset During Maintenance Therapy (full analysis set population)

Event

FU/FA Plus Pmab (125 patients) (%) FU/FA (123 patients) (%)

Grades 1-4 Grades 3-4 Grades 1-4 Grades 3-4

Any adverse event 84.8 43.2 75.6 26.0

Serious adverse events 19.2 12.8 18.7 10.6

Anemia 78.4 1.6 74.8 0.0

Neutropenia 28.0 4.0 29.3 4.0

Thrombocytopenia 40.8 0.8 43.9 0.0

Infection 16.8 4.0 8.1 0.8

Respiratory tract infections 11.2 0.0 20.3 0.8

Nausea 12.8 0.8 9.8 1.6

Diarrhea 16.0 1.6 13.0 0.8

Hypertension 6.4 3.2 5.7 1.6

Mucositis and/or stomatitis 21.6 1.6 10.6 0.8

Rash, acneiform 26.4 7.2 6.5 0.0

Nail disorder including paronychia 18.4 4.8 4.9 0.0

Skin fissures 14.4 2.4 3.3 0.0

Dry skin 9.6 2.4 0.8 0.0

Pain 20.8 3.2 22.8 4.9

Fatigue 16.0 0.8 11.4 0.8

Thrombosis and thromboembolic event 4.0 0.8 6.5 2.4

Peripheral neuropathy 20.8 0.8 26.8 1.6

Hypomagnesemia 16.8 6.4 0.8 0.0

Hypokalemia 8.0 2.4 1.6 0.0

NOTE. Adverse event terms were derived from the case report forms. All events are reported irrespective of whether they were reported as related to study
treatment. Grade according to National Cancer Institute Common Terminology Criteria for Adverse Event. Adverse events listed in this table started the earliest
with the first administration of chemotherapy with or without Pmab during maintenance therapy and before the first administration of chemotherapy and
Pmab as reinduction or not later than 30 days after last administration of maintenance therapy in patients without reinduction therapy. A preferred term or
system organ class was counted only once per patient. A patient with several grades of a preferred term or system organ class is counted once with the highest
grade. Events summarized in this table were reported with either at least 10% frequency of all grades or at least 2% frequency of grades 3-5 in at least one arm
of the trial.
Abbreviations: FU/FA, fluorouracil and folinic acid; Pmab, panitumumab.

80 © 2021 by American Society of Clinical Oncology Volume 40, Issue 1

Modest et al



AFFILIATIONS
1Department of Hematology, Oncology and Tumorimmunology, Charité-
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APPENDIX 1. LIST OF RECRUITING STUDY CENTERS

Investigator City Investigator City

Karthaus München Fritsch Freiburg

Frühauf Stade Südhoff Passau

Graeven Mönchengladbach Hermening Oelde

Müller Leer Glados Coesfeld

Modest Berlin Hannig Bottrop

König Göttingen Lück Rostock

von Weikersthal Amberg Kullmann Weiden

Haas Neumünster Drenkelfort Köln

Goekkurt Hamburg Schulmann Arnsberg

Stübs Berlin Hagen Dortmund

Reinacher-Schick Bochum Radowoski Dortmund

Caca Ludwigsburg Egger Lahr

Atzpodien Georgsmarienhütte Balser Marburg

Fritz Koblenz Seipelt Bad Soden

Kasper Essen Kleiß Kassel

Reichardt Berlin Nusch Velbert

Kretzschmar Leipzig Burstedde Bocholt

Dengler Heilbronn Bauer Lebach

Müller Essen Megdenberg Leverkusen

Kahl Magdeburg Forstbauer Troisdorf

Schlegel Eschweiler Kohl Westerstede

Sökler Tübingen Kiehl Frankfurt/Oder

Taghizadeh Bielefeld Klump Siegen

Höblinger Koblenz Kapp Hof

Killing Wetzlar Gregor Idar-Oberstein

Grünwald Göppingen Jehner Moers

Lange Weißenfels Hering-Schubert Eisenach

Höhler Recklinghausen Bremer Münster

Kiani Bayreuth Trarbach Wilhelmshaven

Behringer Bochum Schliesser Giessen

Heinemann München Keitel Düsseldorf

Sahm Offenbach Paulenz Dessau

Lipke Dortmund Zeth Witten

Ko Bonn Grundheber Trier

Naumann Siegen Stauder Regensburg
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FIG A1. Dose intensity per treatment cycle and substance during maintenance therapy (full analysis set). Relative
doses are expressed as means. Patients evaluated 5 patients evaluated in respective cycle; reference doses were
fluorouracil 2,400 mg/m2 and Pmab 6 mg/kg. FU/FA, fluorouracil and folinic acid; Pmab, panitumumab.

FU/FA/Pmab (68 of 125 events): 31.5 months (95% CI, 26.7 to 36.4)

FU/FA (67 of 123 events): 28.4 months (95% CI, 24.6 to 32.1)

No maintenance (65 of 129 events): 18.1 months (95% CI, 11.6 to 24.6)

P (log-rank) < .001
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FIG A2. Kaplan-Meier estimates of the safety set for OS since from start of induction therapy. P values derived from
log-rank tests. Nomaintenance5 patients with induction therapy who did not receivemaintenance therapy. The no
maintenance therapy group includes 112 patients who were not randomly assigned and 17 patients who were
randomly assigned but did not receive maintenance therapy (refer to CONSORT diagram). FU/FA, fluorouracil and
folinic acid; FU/FA/Pmab, panitumumab plus FU/FA; OS, overall survival; Pmab, panitumumab.
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TABLE A1. Reason for End of Study-Therapy

Reason
Not Randomly Assigned
(n 5 112), No. (%)

FU/FA Plus Pmab
(n 5 133), No. (%)

FU/FA
(n 5 132), No. (%)

Death 6 (5.4) 9 (8.0) 3 (2.3)

Progression

Progression before random assignment 19 (17.0) — —

Left-sided primary tumor 9/19 (47.4) — —

Right-sided primary tumor 6/19 (31.6) — —

Both sides or unknown 4/19 (21.1) — —

Progression after random assignment — 55 (41.4) 57 (43.2)

Adverse event 19 (17.0) 10 (7.5) 12 (9.1)

Medical reason according to the investigator’s decision 51 (45.5)a 23 (17.3) 15 (11.4)

Patient decisionb 9 (8.0) 16 (12.0) 17 (12.9)

Loss of contact 0 (0.0) 1 (0.8) 1 (0.8)

Other reasons or unknown 7 (6.3) 11 (8.3) 17 (12.9)

Induction stoppedc 1 (0.9) 0 (0.0) 0 (0.0)

Not evaluable/maintenance ongoing 0 (0.0) 8 (6.0) 5 (3.8)

Not evaluable/reinduction ongoing 0 (0.0) 0 (0.0) 5 (3.8)

NOTE. Combinations of reasons were simplified as follows: all combinations containing death were summarized as death, all combinations containing
progression but not death were summarized as progression, and all combinations containing adverse events but not containing death or progression were
summarized as adverse events.
Abbreviations: FU/FA, fluorouracil and folinic acid; Pmab, panitumumab.
aContains 45 patients with reported secondary resection of metastatic lesions.
bIncludes all patients who decided to discontinue the study for any reason excluding death, progression, or an adverse event as accompanying event.
cWith evaluable primary end point, the random assignment was stopped and one remaining patient receiving induction therapy was offered maintenance

FU/FA plus Pmab.

TABLE A2. Reported Second-Line Therapies After Study Therapy

Therapy

FU/FA Plus Pmab (n 5 125) FU/FA (n 5 123)

No. % No. %

Any second-line therapy 63 50.4 50 40.7

Anti-EGFR 13 10.4 6 4.9

FU/FA 56 44.8 42 34.1

Capecitabine 4 3.2 7 5.7

Anti-VEGF/-VEGFRa 42 33.6 39 31.7

Irinotecan 55 44.0 39 31.7

Oxaliplatin 5 4.0 3 2.4

NOTE. Reported agents at data cutoff.
Abbreviations: EGFR, epidermal growth factor receptor; FU/FA, fluorouracil and folinic acid; Pmab, panitumumab; VEGF, vascular endothelial growth

factor; VEGFR, vascular endothelial growth factor receptor.
aBevacizumab, aflibercept or ramucirumab.
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TABLE A3. Response to Maintenance Therapy—By Response to Induction Therapy

Response

FU/FA Plus Panitumumab FU/FA

Response to Maintenance Therapy Response to Maintenance Therapy

CR or PR SD PD or NA Total CR or PR SD PD or NA Total

Response to induction therapy, No.

CR/PR 46 31 16 93 30 35 26 91

SD 4 18 6 28 2 17 9 28

PD/NA 1 1 2 4 — — 4 4

Total 51 50 24 125 32 52 39 123

Abbreviations: CR, complete remission; FU/FA, fluorouracil and folinic acid; NA, not assessed or not available; PD, progressive disease; PR, partial
remission; SD, stable disease.

TABLE A4. Adverse Events by Maximum National Cancer Institute Common Terminology Criteria for Adverse Event Grade of the Safety Population (n5 377
patients)

Event

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Total (1-5)

No. % No. % No. % No. % No. % No. %

Anemia 236 62.6 84 22.3 8 2.1 1 0.3 — — 329 87.3

Neutropenia 68 18.0 55 14.6 27 7.2 13 3.4 — — 163 43.2

Thrombocytopenia 180 47.7 19 5.0 3 0.8 3 0.8 — — 205 43.4

Alopecia 54 14.3 7 1.9 — — — — — — 61 16.2

Aspiration — — — — — — — — 1 0.3 1 0.3

Bleeding event 28 7.4 2 0.5 — — — — 1 0.3 31 8.2

Constipation 50 13.3 17 4.5 4 1.1 — — — — 71 18.8

Decreased appetite 26 6.9 15 4.0 6 1.6 — — — — 47 12.5

Diarrhea 57 15.1 61 16.2 26 6.9 — — — — 144 38.2

Dry skin 38 10.1 38 10.1 10 2.7 — — — — 86 22.8

Fatigue 65 17.2 46 12.2 15 4.0 — — — — 126 33.4

General physical health deterioration — — 4 1.1 11 2.9 — — — — 15 4.0

Hypertension 7 1.9 12 3.2 11 2.9 — — — — 30 8.0

Hypocalcemia 8 2.1 4 1.1 9 2.4 2 0.5 — — 23 6.1

Hypokalemia 25 6.6 12 3.2 15 4.0 — — — — 52 13.8

Hypomagnesemia 29 7.7 20 5.3 27 7.2 7 1.9 — — 83 22.0

Ileus — — 1 0.3 8 2.1 1 0.3 — — 10 2.7

Infection 19 5.0 33 8.8 12 3.2 1 0.3 — — 65 17.2

Ischemic cardiac disorder 1 0.3 1 0.3 2 0.5 — — 1 0.3 5 1.3

Multiorgan failure — — — — — — — — 2 0.5 2 0.5

Nausea 64 17.0 49 13.0 11 2.9 — — — — 124 32.9

Edema/swelling 19 5.0 19 5.0 1 0.3 — — — — 39 10.3

Pain 40 10.6 51 13.5 21 5.6 1 0.3 — — 113 30.0

Palmar-plantar erythrodysesthesia syndrome 23 6.1 17 4.5 2 0.5 — — — — 42 11.1

Paronychia 37 9.8 20 5.3 8 2.1 — — — — 65 17.2

Peripheral neuropathy 118 31.3 84 22.3 20 5.3 — — — — 222 58.9

Pruritus 30 8.0 26 6.9 6 1.6 — — — — 62 16.4

(continued on following page)
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TABLE A4. Adverse Events by Maximum National Cancer Institute Common Terminology Criteria for Adverse Event Grade of the Safety Population (n 5 377
patients) (continued)

Event

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Total (1-5)

No. % No. % No. % No. % No. % No. %

Rash 60 15.9 141 37.4 73 19.4 — — — — 274 72.7

Renal impairment 4 1.1 7 1.9 6 1.6 1 0.3 1 0.3 19 5.0

Respiratory tract infection 33 8.8 26 6.9 6 1.6 — — 1 0.3 66 17.5

Road traffic accident — — — — — — — — 1 0.3 1 0.3

Skin fissures 32 8.5 22 5.8 9 2.4 — — — — 63 16.7

Stomatitis 83 22.0 50 13.3 20 5.3 — — — — 153 40.6

Sudden death — — — — — — — — 1 0.3 1 0.3

Thromboembolic event 5 1.3 22 5.8 10 2.7 — — — — 37 9.8

Vomiting 28 7.4 19 5.0 6 1.6 — — — — 53 14.1

NOTE. Grade according to National Cancer Institute Common Terminology Criteria for Adverse Event, version 4.03. Adverse events started the earliest with
the first administration of chemotherapy or panitumumab and not later than 30 days after last administration of chemotherapy or panitumumab. A preferred
term/system organ class is counted only once per patient. A patient with several grades of a preferred term/system organ class is counted oncewith the highest
grade. Events summarized in this table were reported with either at least 10% frequency of all grades and/or at least 2% frequency of grades 3-5 and/or with
grade 5.
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