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A B S T R A C T

Purpose
In patients with early unfavorable Hodgkin’s lymphoma (HL), combined modality treatment with
four cycles of ABVD (adriamycin, bleomycin, vinblastine, and dacarbazine) and 30 Gy involved-field
radiotherapy (IFRT) results in long-term tumor control of approximately 80%. We aimed to improve
these results using more intensive chemotherapy.

Patients and Methods
Patients with newly diagnosed early unfavorable HL were randomly assigned to either four cycles
of ABVD or an intensified treatment consisting of two cycles of escalated BEACOPP (bleomycin,
etoposide, adriamycin, cyclophosphamide, vincristine, procarbazine, and prednisone) followed by
two cycles of ABVD (2 � 2). Chemotherapy was followed by 30 Gy IFRT in both arms. The primary
end point was freedom from treatment failure (FFTF); secondary end points included progression-
free survival (PFS) and treatment-related toxicity.

Results
With a total of 1,528 qualified patients included, the 2 � 2 regimen demonstrated superior FFTF
compared with four cycles of ABVD (P � .001; hazard ratio, 0.44; 95% CI, 0.30 to 0.66), with a
difference of 7.2% at 5 years (95% CI, 3.8 to 10.5). The difference in 5-year PFS was 6.2% (95%
CI, 3.0% to 9.5%). There was more acute toxicity associated with 2 � 2 than with ABVD, but there
were no overall differences in treatment-related mortality or secondary malignancies.

Conclusion
Intensified chemotherapy with two cycles of BEACOPP escalated followed by two cycles of ABVD
followed by IFRT significantly improves tumor control in patients with early unfavorable HL.

J Clin Oncol 30:907-913. © 2012 by American Society of Clinical Oncology

INTRODUCTION

To date, the standard treatment of early unfavorable
Hodgkin’s lymphoma (HL) for most cooperative
groups is combined modality treatment with four
cycles of ABVD (adriamycin, bleomycin, vinblas-
tine, and dacarbazine) and 30 Gy involved-field ra-
diotherapy (IFRT).1-3 This results in approximately
80% long-term tumor control, which is not satisfy-
ing when compared with results in early favorable
HL.4 Earlier attempts using BEACOPP (bleomycin,
etoposide, adriamycin, cyclophosphamide, vincris-
tine, procarbazine, and prednisone) in baseline
dose did not improve results, as demonstrated in the
GHSG (German Hodgkin Study Group) HD11
study.5 On the basis of the high efficacy of

BEACOPP escalated (BEACOPPesc) in advanced
stages,6,7 we decided to evaluate this dose-intensified
regimen in early unfavorable HL. The randomized
GHSG HD14 trial thus compared four cycles of
ABVD (standard arm) with two cycles BEACOPPesc
followed by two cycles of ABVD (2 � 2). Here we
report the final results of this trial.

PATIENTS AND METHODS

The HD14 protocol was designed by the GHSG steering
committee and approved by the ethics committees of par-
ticipating centers (Data Supplement). An independent
data safety committee monitored patient safety and effi-
cacy of treatment throughout the study period. When the
third planned interim analysis yielded a significant group
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sequential test (adjusted overall P � .0452), the trial was stopped according to
protocol. Randomization was discontinued on July 10, 2008, and the final
analysis was scheduled so that all randomly assigned patients would have been
followed for at least 1 year after final restaging.

Patients

Entry into the trial was restricted to patients with stage IA, IB, or IIA
histologically proven HL with at least one of the following risk factors: bulky
mediastinal mass (� one third maximum transverse thorax diameter); extra-
nodal involvement; erythrocyte sedimentation rate (ESR) � 50 mm/h (with-
out B symptoms) or ESR � 30 mm/h (with B symptoms); or three or more
lymph node areas involved. Patients with stage IIB disease with either of the
latter two risk factors were also included.

After initial diagnosis by the local pathologist, biopsy material was cen-
trally reviewed by at least one member of a panel of six HL pathology experts.
All patients provided written informed consent before study entry according
to the Good Clinical Practice guidelines of the International Conference on
Harmonisation and national regulations.

Study Design

Patients were recruited and treated in 407 hospitals and practices in
Germany, Switzerland, the Netherlands, the Czech Republic, and Austria.
After written informed consent and clinical staging, patients were regis-
tered at the GHSG central trial office by telephone and then randomly
assigned at an allocation ratio of 1:1 to standard arm A with four cycles of
ABVD or to the experimental arm B with 2 � 2 chemotherapy. Standard 30
Gy IFRT was administered as consolidation therapy in both arms. Stratifi-
cation factors for randomization included participating center, age,
constitutional symptoms, large mediastinal tumor or bulky disease, and
supra- or infradiaphragmatic involvement.

Study Conduct

ABVD was administered at standard doses consisting of doxorubicin 25
mg/m2 (days 1 and 15), bleomycin 10 mg/m2 (days 1 and 15), vinblastine 6
mg/m2 (days 1 and 15), and dacarbazine 375 mg/m2 (days 1 and 15), repeated
on day 29. Granulocyte colony-stimulating factor was administered if clini-
cally indicated, starting from day 7 or 21. BEACOPPesc included cyclophos-
phamide 1,250 mg/m2 (day 1), doxorubicin 35 mg/m2 (day 1), etoposide 200
mg/m2 (days 1 to 3), procarbazine 100 mg/m2 (days 1 to 7), prednisone 40
mg/m2 (days 1 to 14), vincristine 1.4 mg/m2 (day 8; maximum, 2 mg), and
bleomycin 10 mg/m2 (day 8), repeated on day 22. Granulocyte colony-
stimulating factor had to be administered from day 8 of each BEACOPPesc
cycle until recovery of WBC to at least 1,000/�L on 3 consecutive days.
Treatment was postponed until recovery of WBC to at least 2,500/�L and
platelet count to at least 80,000/�L on the day scheduled for re-treatment. In
cases of treatment postponement of more than 2 weeks or pronounced toxicity
during treatment, dose reductions were foreseen in the trial protocol.

RT

On the basis of the initial staging, the expert RT panel provided an
individual RT plan for each patient. All patients received 30 Gy IFRT in single
fractions of 1.8 to 2.0 Gy administered five times per week.

End Points

The primary efficacy end point was freedom from treatment failure
(FFTF); secondary end points included overall survival (OS), progression-free
survival (PFS), response rates, and treatment-related toxicity.

Statistical Methods

This trial employed a two-arm parallel group design aimed at demon-
strating superiority of the 2 � 2 regimen compared with four cycles of ABVD
with respect to the primary end point of FFTF. To detect the need for early
termination, a group sequential design with five interim analyses was planned.

Assessment of Treatment Effects

The trial was analyzed using group sequential methods8-10 with appro-
priately adjusted CIs and P values for the primary end point of FFTF. Time-
to-event end points were compared between groups using the Kaplan-Meier
method and log-rank tests for P values as well as univariate Cox regression for
hazard ratios (HRs). To detect a possible impact of prognostic factors, pre-

planned multivariate Cox regressions were performed as sensitivity analyses
on the same analysis sets. Outcomes and toxicity rates were analyzed using
Fisher’s exact test. Design and analysis of the trial were carried out using SAS
versions 8 to 9.2 (SAS Institute, Cary, NC) and ADDPLAN versions 3.1 to 5
(ADDPLAN, Cologne, Germany).

Analysis Sets

The full analysis set (FAS) consisted of all randomly assigned patients
with confirmed histology. According to the trial protocol, patients with
violations of major inclusion or exclusion criteria as well as withdrawals
before start of therapy had to be excluded from the primary analysis set of
qualified patients (QAS). Sensitivity analyses of efficacy end points were
carried out on the FAS as well as on the per-protocol analysis set (PAS).
Criteria to exclude patients from the PAS apart from violation of major
inclusion or exclusion criteria were change of treatment arm, early treat-
ment discontinuation, or relevant dose deviations of chemotherapy, unless
resulting from death or progression.

RESULTS

Patients

Between January 2003 and July 2008, 1,655 patients with histo-
logically confirmed early unfavorable HL were recruited (Fig 1). Be-
cause of insufficient documentation, 32 patients were excluded from
all analyses. Therefore, the FAS comprised 1,623 patients; 818 were
randomly assigned to arm A and 805 to arm B. Seven patients who
withdrew from the trial before starting chemotherapy and 88 patients
with major inclusion or exclusion criteria violations were excluded
from the QAS, which was the main analysis set for the arm comparison
and comprised 1,528 patients (765 in arm A; 763 in arm B). Because
they did not receive the assigned treatment, or because adherence to
protocol could not be confirmed, 97 QAS patients were excluded from
the PAS.

Demographic baseline characteristics, stage of disease, and risk
factors of patients were well balanced between treatment arms (Ap-
pendix Table A1, online only). In the QAS, 53.3% of patients were
women. The median age was 32 years (range, 18 to 60 years); 9.4%
were older than 50 years of age; 4.8% of patients had stage I disease
(2.6% IA; 2.2% IB); 95.2% had stage II disease (67.5% IIA; 27.7% IIB).
The most common risk factor was three or more involved lymph node
areas (69.7%), followed by high ESR (52.9%), large mediastinal mass
(18.7%), and extranodal involvement (8.1%). Localized infradia-
phragmatic disease was present in 5.6% of patients.

A histologic review was performed in 86.4% of patients. The
most frequent histologic subtypes were nodular sclerosis (70.3%) and
mixed cellularity (18.2%).

Dose Delivery

As defined in the study protocol (Appendix Table A2, online
only), 97.8% of evaluable QAS patients received four cycles of chem-
otherapy. In both arms, chemotherapy was administered according to
protocol in most cases, with no difference between arms (relative total
doses [� standard deviation] were 98.8 � 4.7 and 97.6 � 4.2 in arms
A and B, respectively). Dose-intensity was also identical (0.9 � 0.1).

Safety and Adverse Event Profiles

During chemotherapy, acute toxicity (WHO grade 3 to 4; Table
1) was significantly more frequent in arm B (87.1%) as compared with
arm A (50.7%), with at least one grade 4 toxicity in 56.6% (arm B) and
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5.9% (arm A), respectively. Four patients (0.52%) died as a result of
acute toxicity in first-line therapy; all were treated in arm B. Most
frequent toxicities were myelosuppression and hair loss in both
arms. As expected, there was more acute toxicity associated with
BEACOPPesc than with ABVD. Interestingly, there was also more
toxicity associated with ABVD when administered after two cycles of
BEACOPPesc than after two cycles of ABVD. The inclusion of non-
qualified patients in a sensitivity analysis did not lead to additional
findings on safety or feasibility (data not shown).

After a median follow-up of 43 months, 36 (2.4%) of 1,528 QAS
patients had died (Table 2). The main reasons were secondary malig-
nancies (n � 8), HL (n � 7), and toxicity of salvage therapy (n � 7).
Overall, 32 secondary malignancies occurred in the QAS (arm A, 17
instances [2.2%]; arm B, 15 instances [2.0%]). Because of the low
number of events, there were no statistically relevant differences in the
total number of deaths or secondary neoplasms between treat-
ment arms.

Efficacy

The overall complete response/unconfirmed complete response
rate in the QAS was 95.4% (Appendix Table A3, online only), with no
arm difference (P � .6272). With a median observation time of 43
months, the reported progression/relapse rate was 5.4% overall (Table
2), with 2.5% in arm B and 8.4% in arm A. More patients in arm A
than in arm B had a second relapse (1.4% v 0.4%), but there were not
enough events to yield a significant arm difference.

As shown in Figures 2A to 2C (and Appendix Table A4, online
only), OS was 97.0% at 5 years (95% CI, 95.9% to 98.1%) and did not

differ between treatment arms (P � .7308). For the primary end point
of FFTF, superiority of arm B was established by a significant group
sequential test in the third planned interim analysis, with an adjusted
two-sided overall P value of .0451. In the final analysis, the nonad-
justed P value was � .001 (HR, 0.44; 95% CI, 0.30 to 0.66). Five-year
FFTF rates of 87.7% (95% CI, 84.8% to 90.6%) and 94.8% (95% CI,
93.1% to 96.6%) in arms A and B, respectively, resulted in a difference
of 7.2% (95% CI, 3.8% to 10.5%). PFS was also significantly better in
arm B on the adjusted 2.5% level (HR, 0.45; 95% CI, 0.30 to 0.69;
P � .001). The difference in 5-year PFS rates was 6.2% (95% CI, 3.0%
to 9.5%). Thus, superiority of arm B in terms of FFTF as well as PFS
can be concluded. Prespecified sensitivity analyses performed on the
FAS and PAS yielded similar results (Appendix Figs A1A to A1D,
online only).

Of the 64 patients experiencing relapse or progression after four
cycles of ABVD, 12 (19%) died. Median survival time after diagnosis
of first progression or relapse was 15 months (range, 3.6 to 42.7
months). Sixteen survivors were lost to follow-up within 1 year after
diagnosis of HL progression or relapse. Thirty-six patients underwent
successful salvage therapy and had a median observation time after
first progression or relapse of 34 months (range, 12.9 to 73.4 months).
In the 2 � 2 arm, six (32%) of 19 patients died after first-line therapy
failure. Their median survival time after diagnosis of first progression
or relapse was 12 months (range, 1.2 to 22.4 months). Four survivors
were lost to follow-up within 1 year after diagnosis of HL progression
or relapse. Nine patients underwent successful salvage therapy and
had a median observation time after first progression or relapse of 38
months (range, 15.0 to 60.6 months).

Patients* randomly assigned
(n = 1,655)

Not sufficiently
   documented

(n = 17)

Violation of inclusion or 
   exclusion criteria
      Revision of initial staging
      Pretreated
      Too old/too young
      Withdrawal before start 
         of treatment

(n = 53)

(n = 47)
(n = 2)
(n = 2)
(n = 2)

Adherence to protocol violated 
   or not confirmed 

(n = 38)

Not sufficiently
   documented

(n = 15)

Violation of inclusion or 
   exclusion criteria
      Revision of initial staging
      Pretreated
      Too old/too young
      Withdrawal before start 
         of treatment

(n = 42)

(n = 33)
(n = 2)
(n = 1)
(n = 5)

Adherence to protocol violated 
   or not confirmed 

(n = 59)

Full analysis set
(n = 1,623)

Arm A† 
(n = 835)

Arm B‡

(n = 820)

Arm A 
(n = 818)

Arm B
(n = 805)

Qualified patients analysis set§
(n = 1,528)

Arm A 
(n = 765)

Arm B
(n = 763)

Per-protocol analysis set
(n = 1,431)

Arm A 
(n = 727)

Arm B
(n = 704)

Fig 1. CONSORT diagram. (*) Patients were assessed for eligibility at individual trial centers, and histology was confirmed before registration and random assignment
at the central trial office. (†) Arm A received four cycles of doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD) plus 30 Gy involved-field radiotherapy (IFRT).
(‡) Arm B received two cycles of bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone, plus two cycles of ABVD plus 30
Gy IFRT. (§) The qualified patient analysis set is the primary analysis set according to the trial protocol.
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Prognostic Factors and Subgroup Analyses

The only significant (P � .05) predictors for PFS events in the
univariate regression analysis were large mediastinal mass and ele-
vated ESR. Other factors such as extranodal disease, more than two
involved regions, infradiaphragmatic disease, B symptoms, sex, and
age were not significant. In a multivariate model for PFS including all
these factors as well as treatment arm, the same two risk factors and
treatment arm were significant, with estimated HRs of 2.4 (large
mediastinal mass), 2.1 (elevated ESR), and 2.3 (arm A). In posthoc
subgroup analyses of the FAS, patients with at least one of the two
significant risk factors (high-risk group [n � 1,013]; 81 failure events
for PFS) were compared with patients without any of these risk factors
(low-risk group [n�610]; 25 failure events). Five-year PFS was 94.0%
(95% CI, 91.3% to 96.7%) in the low-risk group, compared with
91.2% (95% CI, 89.3% to 93.2%) in the high-risk group. The inferi-
ority of the high-risk group was more pronounced for patients in arm
A (P � .0072) than in arm B (P � .1071), but it should be noted that
there was not enough power to detect an interaction between treat-
ment arm and risk group (Appendix Figs A2A to A2D, online only). A

subgroup analysis with large mediastinal mass and stage IIB as risk
factors demonstrated similar results (Appendix Figs A3A, A3B, on-
line only).

DISCUSSION

The GHSG HD14 trial compared intensified chemotherapy consisting
of two cycles of BEACOPPesc followed by two cycles of ABVD (2 � 2)
with the previous standard of four cycles of ABVD to improve tumor
control in patients with early unfavorable HL. All patients received 30
Gy IFRT after chemotherapy. The intensified 2 � 2 arm was clearly
superior in terms of FFTF and PFS, despite moderately higher
acute toxicity.

In contrast to significant improvements in early favorable and
advanced stage HL,4,6 no significant progress has recently been re-
ported for early unfavorable HL. More aggressive regimens such as
BEACOPP baseline were evaluated, but neither the EORTC (Euro-
pean Organisation for Research and Treatment of Cancer) H9-U

Table 1. Acute Toxicities of Chemotherapy

Toxicity‡

Treatment Arm�†

A (n � 757) B (n � 744)

No. of Patients % No. of Patients %

At least one toxicity during treatment§ 384 of 757 50.7 648 of 744 87.1
Chemotherapy cycle

1 175 of 761 23.0 501 of 745 67.2
2 226 of 760 29.7 549 of 742 74.0
3 263 of 756 34.8 429 of 729 58.8
4 254 of 748 34.0 402 of 723 55.6

At least one hematologic toxicity during treatment§ 182 of 757 24.0 597 of 744 80.2
Chemotherapy cycle

1 92 of 761 12.1 433 of 745 58.1
2 86 of 760 11.3 468 of 742 63.1
3 84 of 756 11.1 273 of 729 37.4
4 80 of 748 10.7 244 of 723 33.7

Type of acute toxicity
Anemia 7 0.9 67 9.0
Thrombopenia 1 0.1 163 21.9
Leukopenia 178 23.5 588 79.0
Nausea/vomiting 104 13.7 76 10.2
Mucositis 3 0.4 32 4.3
GI tract 14 1.8 43 5.8
Urogenital tract 2 0.3 0 0
Respiratory tract 11 1.5 13 1.7
Drug fever 6 0.8 17 2.3
Allergy 2 0.3 12 1.6
Heart 2 0.3 1 0.1
Hair 179 23.6 356 47.8
Infection 26 3.4 54 7.3
Skin 8 1.1 2 0.3
Pain 27 3.6 54 7.3
Nervous system 6 0.8 24 3.2

Abbreviations: ABVD, doxorubicin, bleomycin, vinblastine, and dacarbazine; BEACOPP, bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine,
procarbazine, and prednisone; IFRT, involved-field radiotherapy.

�Of 1,528 qualified patients, 1,506 (arm A, 761; arm B, 745) were documented for acute toxicities for at least one cycle, and 1,501 (arm A, 757; arm B, 744) were
documented for acute toxicities for all cycles administered. Patients were analyzed according to arm as treated.

†Arm A received four cycles of ABVD plus 30 Gy IFRT; arm B received two cycles of BEACOPP plus two cycles of ABVD plus 30 Gy IFRT.
‡Toxicity of WHO grade III or IV only.
§P � .001.
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study11 nor the GHSG HD11 trial5 demonstrated better tumor control
over ABVD. According to a mathematic effective dose (ED) model12

assessing the relative potency of individual drugs in patients with HL,
the ED of the newly developed 2 � 2 regimen was higher when
compared with that of four cycles of ABVD (17.3 v 15.0) and four
cycles of BEACOPP baseline (17.3 v 15.2).13 In line with these calcu-
lations, HD14 demonstrates significantly better tumor control with
2 � 2 than with four cycles of ABVD in early unfavorable HL.

The improved efficacy of the 2 � 2 regimen comes at the price of
more acute toxicity. There was significantly more severe (WHO
grades 3 to 4) hematologic toxicity with 2 � 2 (87.1%) as compared
with four cycles of ABVD (50.7%); acute treatment-related mortality
in the 2 � 2 arm was 0.52%. The more pronounced acute toxicity of
2 � 2 is counterbalanced by fewer relapses and fewer patients with
progressive disease. Taken together, these result in a 6.2% PFS advan-
tage for 2 � 2 at 5 years. Because more than 50% of relapsed or
progressing patients in both arms underwent successful salvage ther-
apy, OS was not significantly different, despite the higher rate of
relapse/progression in arm A.

The clinical impact of this new regimen might be challenged by
putatively increased long-term toxicity of 2 � 2. However, a more
detailed analysis of the current data contradicts this view. First, the

Table 2. Failure Events and Late Effects�

Event/Effect

Treatment Arm†

A (n � 765) B (n � 763)

No. of
Patients %

No. of
Patients %

Death resulting from:‡ 17 2.2 19 2.5
HL 3 4
Toxicity of study chemotherapy 0 4
Toxicity of salvage therapy 6 1
Secondary neoplasia 5 3
Suicide 1 0
Respiratory 0 2
Brain 0 1
Other disease 1 3
Unclear 1 1

Progression or first relapse§ 64 8.4 19 2.5
Progression 23 3.0 6 0.8
Early relapse 23 3.0 7 0.9
Late relapse 18 2.4 6 0.8

Second relapse� 11 3
Secondary malignancy¶ 17 2.2 15 2.0

AML/MDS 0 2
NHL 9 5
Solid tumor 8 8

Abbreviations: ABVD, doxorubicin, bleomycin, vinblastine, and dacarbazine;
AML, acute myeloid leukemia; BEACOPP, bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine, procarbazine, and prednisone; FAS, full analy-
sis set; HL, Hodgkin’s lymphoma; IFRT, involved-field radiotherapy; MDS,
myelodysplastic syndrome; NHL, non-Hodgkin’s lymphoma.

�Median observation time, 43 months (95% CI, 41.5 to 43.6).
†Total of 1,528 qualified patients were analyzed according to arm as

randomly assigned. Arm A received four cycles of ABVD plus 30 Gy IFRT; arm
B received two cycles of BEACOPP plus two cycles of ABVD plus 30 Gy IFRT.

‡Four additional patients in the FAS who were not qualified died as a result
of second malignancy (n � 2) and HL (n � 2).

§P � .001.
�P � .0563.
¶Three nonqualified patients in the FAS also had a secondary neoplasm.
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Fig 2. Kaplan-Meier curves for the primary (ie, qualified patients) analysis set of
the HD14 study. (A) Freedom from treatment failure (FFTF); (B) progression-free
survival (PFS); (C) overall survival (OS). Arm A received four cycles of doxorubicin,
bleomycin, vinblastine, and dacarbazine (ABVD) plus 30 Gy involved-field radio-
therapy (IFRT); arm B received two cycles of bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine, procarbazine, and prednisone, plus two cycles of
ABVD plus 30 Gy IFRT. Median observation time was 43 months.
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lower number of patients experiencing progression or relapse in the
2 � 2 arm (2.5% v 8.4%; P � .001) saved a significant number of
patients from additional treatment including high-dose chemothera-
py and the related acute and long-term toxicities.14 Second, the higher
rate of patients experiencing progression or relapse after four cycles of
ABVD also resulted in a higher proportion of patients (1.4% v 0.4%)
experiencing second relapses, for whom treatment is often palliative.
Third, although a higher rate of long-term toxicity after 2 � 2 can be
discussed, the total number of secondary malignancies in HD14 was
similar in both arms. In addition, a recent GHSG analysis revealed no
significant differences in female fertility after four cycles of ABVD or 2
� 2.14a Taken together, these data provide the rationale for choosing 2
� 2 as new GHSG standard for early unfavorable HL.

Large mediastinal mass and elevated ESR were adverse prognos-
tic factors in multivariate models for FFTF and PFS in the present trial.
In posthoc subgroup analyses, patients with at least one of these risk
factors had pronounced PFS inferiority in arm A in comparison with
those in arm B. Although the analyses were not powered to detect an
interaction between treatment arm and risk group, they suggest that
patients with mediastinal mass or elevated ESR particularly benefit
from the intensified chemotherapy. In future trials, these risk factors
might be used for more personalized treatment approaches in early
unfavorable HL, together with other approaches such as positron
emission tomography (PET)15 or new biomarkers.16

The preceding GHSG HD11 study revealed that modestly inten-
sified chemotherapy with BEACOPP baseline and consolidating IFRT
with a reduced RT dose of 20 Gy resulted in outcomes similar to those
of four cycles of ABVD followed by 30 Gy IFRT.5 Given the higher ED
of 2 � 2, it is reasonable to assume that patients might be spared the
additional toxicity17 of 30 Gy IFRT after 2 � 2 chemotherapy. There-
fore, the next GHSG trial for early unfavorable HL (HD17) will com-
pare a risk-stratified RT reduction as the experimental arm versus
2 � 2 plus 30 Gy IFRT as the standard arm. Because PET after
chemotherapy has been shown to discriminate low- from high-risk
HL,18 patients in the experimental arm of HD17 with negative PET
after chemotherapy will not receive RT, whereas patients with positive
PET will be treated with a reduced radiation field volume applying 30
Gy involved node RT (INRT).19,20 PET-based reduction of RT in early
stage HL has already been evaluated in the EORTC/GELA (Groupe
d’Etude des Lymphomes de l’Adulte)/ILL (Intergruppo Italiano Lin-
fomi) H10 trial. Early unfavorable patients in the standard arm re-
ceived four cycles of ABVD followed by 30 Gy INRT, whereas patients
in the experimental arm were treated with two cycles of ABVD fol-

lowed by four cycles of ABVD for patients with negative PET and two
cycles of BEACOPPesc and 30 Gy INRT for patients with positive PET.
However, this trial was closed early because of more events in the arms
without additional RT.21 On the basis of the superior PFS of the new
2 � 2 regimen over four cycles of ABVD, we hypothesize that 2 � 2
will be a more resilient backbone for the PET-guided omission of RT
in early unfavorable HL in the HD17 trial.

In conclusion, a dose-intensification with two cycles of
BEACOPPesc followed by two cycles of ABVD results in better
tumor control with increased PFS as compared with standard
treatment with four cycles of ABVD. The increased rate of acute
toxicities in the intensified arm is overcome by fewer relapses and
less second-line toxicity. The regimen of 2 � 2 plus 30 Gy IFRT is
the new GHSG standard for patients with early unfavorable HL age
60 years or younger.
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A B S T R A C T

Purpose
A previous randomized clinical trial by the Italian Sarcoma Group (ISG) had shown a survival benefit
of adjuvant chemotherapy (CT) in high-risk extremity soft tissue sarcoma (STS). However, the
dose-intensity of the last two cycles was suboptimal. We then undertook a multicentric
international phase III study to compare three and five cycles of the same CT.

Patients and Methods
Patients were randomly assigned either to receive three cycles of preoperative CT with epirubicin
120 mg/m2 and ifosfamide 9 g/m2 and granulocyte colony-stimulating factor (arm A) or to receive
the same three cycles of preoperative CT followed by two further cycles of postoperative CT (arm
B). Noninferiority of the primary end point, overall survival (OS), was assessed by the CI of the
hazard ratio (HR; arm A/arm B) obtained from the Cox model.

Results
Between January 2002 and April 2007, 328 patients were recruited (164 patients in each arm). At
a median follow-up of 63 months (interquartile range, 49 to 77 months), 100 deaths were
recorded, 49 in arm A and 51 in arm B. Five-year OS probability was 0.70 for the entire group of
patients (0.68 in arm A and 0.71 in arm B). The HR of arm A versus arm B was 1.00 (90% CI, 0.72
to 1.39).

Conclusion
In this population of patients with high-risk localized STS, three cycles of full-dose preoperative
CT were not inferior to five cycles. The outcome compares favorably with the expected
survival of patients with high-risk STS and was superimposable on the CT arm of the previous
ISG trial.

J Clin Oncol 30:850-856. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Standard treatment of localized high-risk soft tissue
sarcoma (STS) of the extremities and trunk wall
consists of surgery and radiation therapy (RT).1,2 RT
can be delivered either postoperatively3,4 or preop-
eratively.5 Adjuvant chemotherapy (CT) is not stan-
dard treatment, but clinical practice guidelines
encompass it as an option in high-risk patients.1,2

This is a result of the heterogeneous outcome of
several clinical trials. A meta-analysis showed a sta-
tistically significant, albeit limited, benefit for adju-
vant CT,6 but a preliminarily reported large clinical
trial of the European Organisation for Research and
Treatment of Cancer Soft Tissue and Bone Sarcoma

Group was not included.7 However, the previous
trial of the Italian Sarcoma Group (ISG) was
closed in advance because of the early observation
of a substantial survival benefit in favor of the CT
arm.8 This trial was marked by the selection of a
high-risk patient population and the use of a full-
dose anthracycline plus ifosfamide regimen. The
limited number of enrolled patients was the main
cause for the loss of statistical significance on a
longer follow-up.9

An observation of the previous ISG trial was
that the dose-intensity of the last two cycles of CT
had dropped. A hypothesis could then be that the
first three cycles were the most significant to the
final outcome.
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Therefore, we decided to select the same high-risk patient popu-
lation of the previous ISG trial. We used the same full-dose regimen
combining an anthracycline with ifosfamide. We administered three
cycles of CT preoperatively and then compared an experimental arm
in which no further CT was given against a conventional arm in which
patients received a further two cycles of CT postoperatively (for a total
of five cycles, as in the previous ISG trial).

PATIENTS AND METHODS

Patients

Patients were recruited from 10 sites in Italy and nine sites in Spain.
Eligibility criteria included age � 18 years and histologically proven local-
ized adult-type STS located to the extremities or trunk wall that was deeply
seated (according to the investing fascia), with largest diameter of � 5 cm
if primary or any size if locally recurrent and with histologic grade of
aggressiveness equal to 3 according to the Fédération Nationale des Cen-
tres de Lutte Contre le Cancer.10 Alveolar soft part sarcoma, epithelioid
sarcoma, clear cell sarcoma, and pediatric-type sarcoma were excluded.
Other inclusion criteria included Eastern Cooperative Oncology Group per-
formance status � 1 and adequate bone marrow (WBC � 3,500/�L, neu-
trophils � 1,500/�L, platelets � 150,000/�L, and hemoglobin � 11 g/dL),
renal (serum creatinine � 1.3 mg/dL), hepatic (total bilirubin � 1.5 mg/dL
and ALT and AST � 2� normal value), and cardiac (left cardiac ejection
fraction � 50%) function. The study protocol was approved by institu-
tional review boards according to applicable laws in the two participating
countries. Written informed consent was obtained from all patients. The
study was registered at the Italian Trial Observatory (European Union Drug
Regulating Authorities Clinical Trials No. 2004-003979-36). The study was
conducted in accordance with the Declaration of Helsinki and the Good
Clinical Practice guidelines.

Procedures

Patients were randomly assigned at the Controlled Clinical Trial
Office of Istituto Nazionale Tumori (Milan, Italy) to receive either three
preoperative cycles (arm A) or three preoperative and two postoperative
cycles (arm B) of epirubicin and ifosfamide at full doses. CT had to be
repeated every 21 days and included epirubicin 60 mg/m2/d, short infu-
sion, on days 1 and 2 plus ifosfamide 3 g/m2/d on days 1, 2, and 3. Mesna
1,000 mg/m2 (every 3 to 4 hours for 3 days) was also administered on days
1, 2, and 3. In the interval period, granulocyte colony-stimulating factor
(G-CSF; any formulation) was administered at a dose of 300 �g subcuta-
neously from day 7 to day 14 or until WBC count recovered completely
(two successive WBC counts � 5,000/�L or one WBC count � 10,000/�L)
or in any case until postnadir (day 10 to 12). If neutrophils failed to recover
to normal values (� 1,500/�L), treatment with G-CSF was continued until
these values were reached. CT was never resumed before 48 hours after the
end of G-CSF administration.

We graded toxic effects according to the National Cancer Institute Com-
mon Toxicity Criteria, version 2.0. Dose reductions for toxicities are listed in
Appendix Table A1 (online only).

RT could be either given preoperatively or postoperatively at the discre-
tion of the treating physician, concurrent to the administration of CT. A total
dose of 44 to 50.4 Gy was foreseen in the preoperative setting, whereas the dose
was 60 to 66 Gy in the postoperative setting. Patients treated with preoperative
RT could also receive an intraoperative (10 to 12 Gy) or postoperative boost
(16 to 20 Gy) at the discretion of the treating physician. At the time of surgery,
response was assessed by RECIST.11

Surgery was planned 3 to 4 weeks after the administration of the last
preoperative cycle and not before 4 weeks after the end of preoperative RT.
Postoperative CT was planned 3 weeks after surgery. Postoperative RT was
usually started within 6 weeks after surgery and could be given concurrent
to postoperative CT in the arm receiving five cycles of CT.

Follow-up was performed every 3 months for the first 3 years after the
end of treatment by contrast-enhanced chest computed tomography and
magnetic resonance imaging or computed tomography of the affected site.
Follow-up was performed every 6 months during years 4 and 5 after the end of
treatment and then yearly thereafter.

Statistical Analysis

The study was designed to show noninferiority of three cycles (arm A)
versus five cycles (arm B) of CT with respect to the primary end point of overall
survival (OS), defined both as the interval between random assignment and
death and between surgery and death. A sample size of 150 patients per arm
was planned. As prespecified in the protocol, three cycles of CT were consid-
ered not inferior to five cycles if the upper limit of the 90% CI of the hazard
ratio (HR) estimated by the Cox regression model12 was less than 1.5.13 By
recruiting 164 patients for each arm, a study power of greater than 80% was
achieved by assuming an expected 5-year survival of 45% in patients treated
with five cycles (control group) and of approximately 70% when the assumed
5-year survival in the control group moved from 45% to 60%. The survival
pattern was estimated by means of the Kaplan-Meier method.14 When the risk
of local and distant relapses after surgery was assessed, data were processed
according to the competing risks approach.15 The primary study outcome
was evaluated according to the intent-to-treat (ITT) principle by including
all patients who underwent random assignment and signed the informed
consent form. A per-protocol analysis was also carried out, in which 240
patients (134 patients in arm A and 106 patients in arm B) without any
major protocol deviations were included. All other results are presented
only for the ITT sample. In an additional analysis, we also investigated the
prognostic role on OS of conventional variables (age, phase at study entry
[primary or locally recurrent], histologic subtype, microscopic margins
status, and tumor size) and of treatment arm using a Cox regression model
in both univariable and multivariable fashion. In this model, each regres-
sion coefficient represents the logarithm of the HR, which is assumed to be
constant over time. Under the null hypothesis that a variable has no
prognostic role, HR is expected to be 1.00. The hypothesis of HR � 1.00
was tested using the Wald statistic. Age and tumor size were analyzed as
continuous variables. The relationship between them and the outcome was
investigated by resorting to a regression model based on restricted cubic
splines.16 All statistical analyses were performed with the SAS software
(version 9.2; SAS Institute, Cary, NC).

RESULTS

Patient Population

Three hundred twenty-eight patients were randomly assigned
from January 2002 to March 2007 (Fig 1). Two hundred twenty-two
patients were available for central pathologic review. The ITT sample
comprised all randomly assigned patients, although seven patients
were retrospectively found to be ineligible for major violations (four
major histologic inconsistencies and three consent withdrawals). Pa-
tient demographics and clinical characteristics, overall and per treat-
ment arm, are listed in Table 1.

Toxicity

Hematologic and nonhematologic toxicities were consistent with
the ones already reported for this regimen. Detailed data are provided
in Table 2. The first three cycles were completed by 289 patients (139
patients in arm A and 150 patients in arm B). Among the 139 patients
in arm A who completed the first three cycles, three patients experi-
enced distant progression before surgery, and two additional patients
were retrospectively found to be ineligible as a result of major histo-
logic inconsistencies. Among the 150 patients in arm B who com-
pleted the first three cycles, only 106 patients also completed the two
postoperative cycles.
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The main reason for not completing the postoperative therapy in
arm B was patient refusal. Dose-intensity for patients completing the
number of cycles of the allocated treatment is provided in Appendix
Tables A2, A3, and A4 (online only).17

Primary End Points

Median follow-up of the ITT population was 63 months (in-
terquartile range, 49 to 77 months) from random assignment and
60 months (interquartile range, 47 to 74 months) from surgery.
One hundred patients died after random assignment (49 patients
in arm A and 51 patients in arm B), and 96 patients died after
surgery (46 patients in arm A and 50 patients in arm B).

By considering the ITT series, the probability of OS from random
assignment was 0.70 (95% CI, 0.64 to 0.74) at 5 years; the probabilities
were 0.68 (95% CI, 0.60 to 0.75) in arm A and 0.71 (95% CI, 0.63 to
0.77) in arm B (Fig 2A). The HR of arm A versus arm B was 1.00 (90%
CI, 0.72 to 1.39). Similar figures were obtained for OS from surgery,

which was 0.70 (95% CI, 0.64 to 0.75) overall, 0.69 (95% CI, 0.60 to
0.76) in arm A, and 0.71 (95% CI, 0.63 to 0.77) in arm B (Fig 2B) at 5
years. The HR of arm A versus arm B was 0.96 (90% CI, 0.69 to 1.34).
A per-protocol analysis confirmed these results (HR, 0.99; 90% CI,
0.66 to 1.48; Appendix Figs A1A and A1B, online only). Thus, three
and five cycles of CT showed an equivalent efficacy by considering the
prespecified noninferiority margin of 1.50 of the upper limit of the
90% CI of the HR.

Seven patients experienced distant progression before surgery
during the preoperative treatment (five patients in arm A and two
patients in arm B). Twenty patients (11 in arm A and nine in arm B)
developed local recurrence after surgery as the primary event; 11
patients (eight in arm A and three in arm B) developed local recur-
rence concurrent with distant metastases, and nine patients (four in
arm A and five in arm B) developed local recurrence after distant
metastases. One hundred two patients (50 in arm A and 52 in arm B)

Relapsed after surgery (n = 61)
)9 = n( lacoL  

    Only local (n = 8)
    Local followed by distant (n = 1)

)15 = n( tnatsiD
  Only distant (n = 44)
  Distant followed by local (n = 4)
  Local concurrent to distant (n = 3)

Random allocation
(N = 328)

Ineligible (n = 7)
  Arm A (n = 4)
  Arm B (n = 3)

Histologic major inconsistencies (n = 4)
)2 = n( A mrA   
)2 = n( B mrA   

Consent withdrawn (n = 3)
)2 = n( A mrA   
)1 = n( B mrA   

Arm A (n = 160)
3 preoperative cycles

Arm B (n = 161)
3 preoperative + 2 postoperative cycles

No surgery
(n = 4)

Surgery
(n = 156)

Received RT postoperatively
(n = 75)

Did not complete last 2 cycles (n = 40)
Received RT postoperatively (n = 66)

Relapsed after surgery (n = 60)
)11 = n( lacoL  

    Only local (n = 8)
    Local followed by distant (n = 3)

)94 = n( tnatsiD
  Only distant (n = 37)
  Distant followed by local (n = 4)
  Local concurrent to distant (n = 8)

Died during follow-up (n = 2)
Alive at last follow-up (n = 2)

Died during follow-up (n = 1)
Alive at last follow-up (n = 2)

Died during follow-up (n = 46)
Lost to follow-up (n = 2)
Alive at last follow-up (n = 108)

Died during follow-up (n = 50)
Lost to follow-up (n = 1)
Alive at last follow-up (n = 107)

Did not complete the (n = 23)
    allocated treatment
Distant progression before (n = 5) 
    surgery*
Received RT preoperatively (n = 77)

Did not complete first 3 cycles (n = 13)
Distant progression before (n = 2) 
  surgery†
Received RT preoperatively (n = 81)

Surgery
(n = 158)

No surgery
(n = 3)

Fig 1. CONSORT diagram. RT, radiation therapy. (*) Two patients with distant progression before surgery did not complete the allocated treatment (arm A). (†) One
patient with distant progression before surgery did not complete the first three cycles (arm B).
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experienced distant metastases as the primary event after surgery ei-
ther alone (n � 82) or concurrent with local recurrence (n � 20),
whereas four patients (three in arm A and one in arm B) developed
distant metastases after local recurrence.

Overall 5-year cumulative incidence of local recurrence was
0.062 (SE, 0.014), 0.065 (SE, 0.020) in arm A, and 0.059 (SE, 0.019) in
arm B (Fig 3). The overall 5-year cumulative incidence of distant
metastases was 0.326 (SE, 0.027), 0.321 (SE, 0.039) in arm A, and 0.033
(SE, 0.038) in arm B (Fig 3).

Response Rate

A central radiologic response assessment was performed for all
patients. Fifty-five patients could not be evaluated (37 for having
started the treatment with no measurable disease 18 for missing base-
line cross-sectional images).

As for the remaining 273 patients, according to RECIST at the
time of surgery, no complete responses were observed. Sixty-six pa-
tients (36 in arm A and 30 in arm B) obtained a partial response. One
hundred sixty-nine patients (77 in arm A and 92 in arm B) had stable
disease, and 38 patients (20 in arm A and 18 in arm B) had progressive
disease. Forty-six additional patients among those who qualified as
having stable disease according to RECIST had a minor dimensional
response, defined as a � 10% but less than 30% decrease in largest
tumor diameter.

Additional Analyses

By considering OS for both of the continuous variables (age and
tumor size) used in the Cox regression models, a linear relationship

Table 1. Patient Demographics and Clinical Characteristics

Demographic or Clinical
Characteristic

Arm A Arm B Total

No. of
Patients %

No. of
Patients %

No. of
Patients %

Patients enrolled 164 50 164 50 328 100
Phase

Locally recurrent 7 2.13 6 1.83 13 3.96
Primary 154 46.95 156 47.56 310 94.51
Missing 3 0.91 2 0.61 5 1.52

Re-excision (previous
inadequate resection
at study entry)

Yes 32 9.76 23 7.01 55 16.77
No 129 39.33 139 42.33 268 81.66
Missing 3 0.91 2 0.61 5 1.52

Histologic subtype
Undifferentiated

pleomorphic sarcoma 69 21.04 57 17.38 126 38.42
Leiomyosarcoma 20 6.10 23 7.01 43 13.11
Synovial sarcoma 32 9.76 39 11.89 71 21.65
Other 43 13.11 45 13.72 88 26.83

Site of origin
Upper extremity 16 4.88 22 6.71 38 11.59
Lower extremity 102 31.10 100 30.49 202 61.59
Scapular girdle 16 4.88 13 3.96 29 8.84
Pelvic girdle 14 4.27 20 6.10 34 10.37
Chest wall 5 1.52 2 0.61 7 2.13
Abdominal wall 5 1.52 — — 5 1.52
Paravertebral 4 1.22 5 1.52 9 2.74
Missing 2 0.61 2 0.61 4 1.22

Microscopic margin status
Positive 17 5.18 12 3.66 29 8.84
Negative 134 40.85 144 43.90 278 84.75
Missing 13 3.96 8 2.44 21 6.40

Type of surgery according
to site

Extremity � girdle 148 45.12 155 47.26 303 92.38
Amputation 11 3.35 15 4.57 26 7.92
Conservative 131 39.94 137 41.77 268 81.71
No surgery 6 1.83 3 0.91 9 2.74

Trunk wall 14 4.27 7 2.13 21 6.40
Conservative 14 4.27 7 2.13 21 6.40

Missing 2 0.61 2 0.61 4 1.22
Conservative 2 0.61 1 0.30 3 0.91
No surgery — — 1 0.30 1 0.30

Preoperative RT
Yes 78 23.78 82 25.00 160 48.78
No 86 26.22 82 25.00 168 51.22

Postoperative RT
Yes 75 22.87 66 20.12 141 42.99
No 87 26.52 94 28.66 181 55.18
Missing 2 0.61 4 1.22 6 1.83

Age, years
Median 51 47 48.5
Range 15-79 16-74 15-79

Tumor size, cm
Median 10 10 10
Range 2-45 3-30 2-45

Abbreviation: RT, radiation therapy.

Table 2. Hematologic and Nonhematologic Toxicity During the Three
Cycles of Preoperative Chemotherapy (arms A and B) and During the Two

Cycles of Postoperative Chemotherapy (arm B)

Toxicity

Preoperative
Chemotherapy Postoperative

Chemotherapy
(arm B)‡Arm A� Arm B†

Hematologic toxicity
WBC

Nadir value, /�L 379 403 183
Grade 3, % 26 26 23
Grade 4, % 49 49 62

Absolute neutrophil count
Nadir value, /�L 345 363 165
Grade 3, % 17 14 13
Grade 4, % 60 61 70

Platelets
Nadir value, /�L 380 401 183
Grade 3, % 14 16 20
Grade 4, % 2 2 2

Nonhematologic toxicity, %
of patients

Cardiac 1.3 — —
Constitutional symptoms 1.9 1.9 —
Febrile neutropenia 11.4 7.4 6.1
Fever — 0.6 —
GI 13.3 14.9 4.6
Infection 0.6 0.6 —
Neurologic 1.9 — —
Pain 0.6 — —
Pulmonary 0.6 — —
Renal failure — — 1.5

�Patients who at least started first cycle (n � 158).
†Patients who at least started first cycle (n � 161).
‡Patients who at least started first cycle (n � 130).
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between the logarithm of hazard and their values was found to be
appropriate. Univariable and multivariable analyses showed that his-
tologic subtype and tumor size were significantly associated with OS
(Appendix Table A5, online only, and Table 3).

In the whole series, the 5-year survival predicted in our series by
the Memorial Sloan-Kettering Cancer Center nomogram17 was
62.7% (95% CI, 54.1% to 71.0%); the observed survival was 69.7%
(95% CI, 64.6% to 75.3%). When restricted to the extremities subset,
the 5-year survival predicted by the Milan nomogram18 was 56.6%
(95% CI, 49.6% to 63.4%) versus the observed survival of 68.6% (95%
CI, 63.2% to 74.5%). These two comparisons are shown in Figures 4A
and 4B.

DISCUSSION

In this randomized clinical trial, 328 patients with localized high-risk
STS of the extremities and trunk wall had 5-year OS and recurrence-
free survival rates averaging 70% and 60%, respectively, with no dif-

ferenceregardingwhetherpatientsreceivedthreeorfivecyclesoffull-dose
CT with anthracyclines plus ifosfamide (Fig 2). The ITT analysis shows
that three cycles of full-dose CT were not inferior to five cycles. Per-
protocol analysis confirmed these results. Three cycles were given preop-
eratively in all patients, with concomitant RT given in half. The outcome
wascomparable to that of theCTarmof theprevious ISGtrial,whichwas
carried out in a similar patient population using the same chemother-
apeutic regimen. The outcome compared favorably with predictions
from both the Memorial Sloan-Kettering Cancer Center18 and Milan
prognostic nomograms,19 although these nomograms are based on
nontrial series (Figs 4A and 4B).

Adjuvant, or neoadjuvant, CT is not viewed as a standard therapy
in current treatment of localized STS. However, an updated meta-
analysis6 of randomized trials showed a statistically significant advan-
tage in terms of both recurrence-free survival and OS. In addition to
excluding a major, negative, unpublished trial, this meta-analysis was
not based on individual data. However, it included all published ran-
domized trials, many of which were biased against CT inasmuch as
they used doxorubicin-based regimens, without ifosfamide. The ben-
efit was limited but similar to the benefit suggested by the comparison
we made between our results and predictions from the currently
available prognostic nomograms (Figs 4A and 4B).

In the end, current clinical practice guidelines1,2 foresee CT as an
option when the patient risk is substantial, as in our population. This
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Fig 3. Five-year cumulative incidence of local recurrence and distant metastases
according to study arm.
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Fig 2. Five-year probability of overall survival (A) from random assignment and
(B) from surgery according to study arm.

Table 3. Multivariable Cox Regression Analysis on Overall Survival:
Final Model

Variables HR 95% CI Wald P �

Histologic subtype
Leiomyosarcoma v MFH/UPS �

spindle cell sarcoma NOS 3.17 1.80 to 5.59 � .01
Synovial sarcoma v MFH/UPS �

spindle cell sarcoma NOS 2.05 1.16 to 3.63 .01
Other v MFH/UPS � spindle cell

sarcoma NOS 1.39 0.79 to 2.43 .25
Tumor size (continuous) 1.06 1.02 to 1.10 � .01

Abbreviations: HR, hazard ratio; MFH, malignant fibrous histiocytoma; NOS,
not otherwise specified; UPS, undifferentiated pleomorphic sarcoma.

�P value associated with the Wald statistic.
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trial shows that three courses of full-dose CT may be a choice when the
decision is to resort to CT in high-risk patients with STS.

A major limitation of this trial is the limited power. Indeed, this is
the third randomized clinical trial ever, to our knowledge, on adjuvant
CT for STS. However, because it was planned as a noninferiority trial,
the trial was powered to detect a clinically acceptable difference, the
level of which was defined by an upper limit of the 90% CI of less than
1.5. As a matter of fact, the trial resulted in two curves that are super-
imposable. However, the upper 90% CI of their difference is 1.39. We
believe that within a shared decision-making setting, like the one that
occurs with patients with STS amenable to adjuvant therapy, this
uncertainty can be accommodated together with all other uncertain-
ties regarding the value of adjuvant CT.

The rationale for decreasing the number of cycles of CT to three
was that in the previous ISG trial a decrease in dose-intensity was seen
for the last two cycles. This was not observed in the current trial; in the
current trial, the last two cycles followed surgery, so that they were
distanced from the first three cycles. This is also a theoretical limitation
of our conclusion in regard to the optimal number of cycles. In fact, we
compared five cycles, split preoperatively and postoperatively, with
three cycles preoperatively. In other words, the comparison was not

made between three and five consecutive cycles. However, one should be
aware of the potential decrease in dose-intensity when consecutive cycles
areadministered. Inaddition,asmentionedearlier,ourresultswerecom-
parable to the previous ISG trial, which used five consecutive courses.

We decided to place the adjuvant treatment preoperatively. We
are aware that neoadjuvant CT likely has little extra value in solid
tumors if one considers the final outcome. When neoadjuvant CT was
formally compared with postoperative CT in the solid tumor where it
is used more classically, osteosarcoma, no difference could be found.20

However, high-risk STSs are often challenging regarding local treat-
ment. Conservative, function-preserving, wide resection is the goal,
and the quality of local control needs to be viewed against the quality of
subsequent life. In this trial, the objective response rate was 25%, but
minorresponseswereobservedinupto41%ofpatients.Minorvariations
intumorsizeandtumorcharacteristicsmaybemeaningful forsurgery. In
addition, preoperative RT was administered in one half of patients, with-
out major adverse effects. Interestingly, the dose-intensity of CT was
maintained as well. The number of primary amputations (� 10% of
patientswithextremity tumors)andthegoodlocalcontrol in this selected
high-risk patient population are worth noticing. Interestingly, we found
that the status of microscopic margins was not a prognostic marker for
survival, as observed in other series.21 Our conclusion is that, when an
adjuvant CT is considered in relation to the systemic risk factors, it may
well be administered in the preoperative phase, possibly contributing to
local control and residual limb function.

On multivariable analysis, histologic subtype was significantly
associated with differences in outcome. In particular, leiomyosarcoma
fared worse. Current medical therapy of advanced STS is marked by a
reappraisal of histology, at a time when targeted therapies are inten-
sively studied. However, even cytotoxic CT seems to exert a different
antitumor activity depending on the histology, as is the case with
gemcitabine for leiomyosarcoma,22 trabectedin for liposarcoma and
leiomyosarcoma,23 and gemcitabine and taxanes for angiosarcoma.24

An assessment of the antitumor activity of preoperative CT according
to the histologic type is ongoing. Our next clinical trial will assess
whether tailoring the three preoperative courses of CT to the histo-
logic STS subtype may provide an advantage compared with using
epirubicin plus ifosfamide in all patients.

In conclusion, when adjuvant CT is selected for a patient with
high-risk STS, three cycles of anthracyclines plus ifosfamide may be
considered. Toxicity is limited. CT can be administered preoperatively
and also combined with RT, depending on the surgical needs. The
value of a histology-driven selection for preoperative CT is the subject
of an ongoing clinical trial.
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A B S T R A C T

Purpose
Adolescents (age 15 to 21 years) compared with younger children with mature B-cell non-
Hodgkin’s lymphoma (NHL) have been historically considered to have an inferior prognosis. We
therefore analyzed the impact of age and other diagnostic factors on the risk of treatment failure
in children and adolescents treated on the French-American-British Mature B-Cell Lymphoma 96
(FAB LMB 96) trial.

Patients and Methods
Patients were divided by risk: group A (limited), group B (intermediate), and group C (advanced),
as previously described. Prognostic factors analyzed for event-free survival (EFS) included age
(� 15 v � 15 years), stage (I/II v III/IV), primary site, lactate dehydrogenase (LDH), bone
marrow/CNS (BM/CNS) involvement, and histology (diffuse large B-cell lymphoma v mediastinal
B-cell lymphoma v Burkitt lymphoma or Burkitt-like lymphoma).

Results
The 3-year EFS for the whole cohort was 88% � 1%. Age was not associated as a risk factor for
increased treatment failure in either univariate analysis (P � .15) or multivariate analysis (P � .58).
Increased LDH (� 2 � upper limit of normal [ULN] v � 2 � ULN), primary site, and BM-positive/
CNS-positive disease were all independent risk factors associated with a significant increase in
treatment failure rate (relative risk, 2.0; P � .001, P � .012, and P � .001, respectively).

Conclusion
LDH level at diagnosis, mediastinal disease, and combined BM-positive/CNS-positive involvement are
independent risk factors in children with mature B-cell NHL. Future studies should be developed to
identify specific therapeutic strategies (immunotherapy) to overcome these risk factors and to identify
the biologic basis associated with these prognostic factors in children with mature B-cell NHL.

J Clin Oncol 30:387-393. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Mature B-cell non-Hodgkin’s lymphoma (NHL),
including Burkitt lymphoma (BL), Burkitt leuke-
mia, diffuse large B-cell lymphoma (DLBCL), and
primary mediastinal B-cell lymphoma (PMBL)
make up approximately 60% of all malignant NHLs
that occur in children and adolescents.1,2 Multidis-
ciplinary pediatric cooperative group collaborations
over the past 25 years have reported a 99% survival
rate in limited-risk patients, a 90% survival rate in
intermediate-risk patients, and an approximate 70%

to 80% overall survival (OS) rate in children with
advanced-risk mature B-cell NHL.3-16

Several risk factors have been associated with
influencing event-free survival (EFS) in children
with mature B-cell NHL. Advanced stage (Mur-
phy classification; ie, stages III and IV v stages I
and II) has been associated with a decrease in EFS
in children and adolescents with mature B-cell
NHL.12-14,16 Increased lactate dehydrogenase (LDH)
at diagnosis, either � 2 � upper limit of normal
(ULN) or � 1,000 IU has also been associated
with a significant decrease in EFS in children and
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adolescents with mature B-cell NHL.6,12-14,16 CNS involvement has also
been an independent poor-risk factor on EFS in children with mature
B-cell NHL.6,12-14,16 Response to reduction therapy following a reductive
phase of chemotherapy in children and adolescents with mature B-cell
NHLhasalsobeenassociatedwithasignificantly inferiorEFS,particularly
in patients with intermediate and advanced risk.6,12,13

Age, particularly those in the adolescent age group (15 to 21
years), has been suggested to be an additional potential independent
prognostic risk factor in EFS in children and adolescents with mature
B-cell NHL. Malignant lymphomas are the most common malig-
nancy in the adolescent age group, representing approximately 26% of
all malignancies.17 The first NHL treatment protocol—CCG-551—in
the Children’s Cancer Group (CCG) from 1977 to 1982 demonstrated
that adolescents versus children younger than 15 years of age with BL
treated with either cyclophosphamide, vincristine, methotrexate, and
prednisone (COMP) or with LSA2 L2 therapy (cyclophosphamide,
vincristine, methotrexate, daunomycin, prednisone, cytarabine, thio-
guanine, asparaginase, methotrexate, and carmustine) had a signifi-
cantly inferior EFS (25% v 70%; P � .033).18-20 Subsequently, the
CCG performed a retrospective review of all consecutive CCG studies
between 1977 and 1994 that treated children and adolescents with BL
or Burkitt-like lymphoma (BLL) and demonstrated a significant de-
crease in 5-year EFS in adolescents versus younger children treated on
similar therapy.9 Similarly, Patte et al13 reported that the LMB 89
mature B-cell lymphoma protocol results demonstrated a significantly
increased risk of relapse in patients 15 years of age or older. We
previously reported the primary results of the French-American-
British Mature B-Cell Lymphoma 96 (FAB LMB 96) study.6,10,12 In
this report, we investigated the prognostic risk of adolescent age (15 to
21 years) and other prognostic factors on 5-year EFS and OS in a
combined cohort of 1,111 patients with mature B-cell NHL registered
and treated on this uniform international cooperative group protocol,
which used modern, short, and intensive multiagent chemotherapy.

PATIENTS AND METHODS

FAB LMB 96 was an international study from 161 treatment centers by three
cooperative groups: Children’s Oncology Group (COG; former CCG institutions
in the United States, Canada, and Australia), the United Kingdom Children’s
Cancer Study Group (UKCCSG), and Societe Francaise d’Oncologie Pediatrique
(SFOP; institutions in France and some centers in Belgium and the Netherlands).
The protocol was approved by all of the local institutional review boards, and
written informed consent was obtained in accordance with the Declaration of
Helsinki.ThestudyopenedinMay1996andclosedtopatientaccrual inJune2001.

Eligibility

Children and adolescents with newly diagnosed mature B-lineage NHL
with BL, DLBCL, or BLL, according to the Revised European-American Lym-
phoma (REAL) classification, were eligible.21 Staging was performed as previ-
ously described by Murphy et al.22 Risk classification was defined as low risk
(group A) with resected stage I and abdominal completely resected stage II,
high risk (group C) with bone marrow (BM) involvement (L3 blasts � 25%
and/or CNS disease), and intermediate risk (group B) was all others.6,10,12

Exclusion criteria included congenital or acquired immunodeficiency, prior
malignancy, or prior chemotherapy. Therapy for group A involved a nonran-
domized confirmatory study of brief chemotherapy10; therapy for groups B
and C involved an open randomized trial that investigated the reduction
of treatment.6,12

Treatment

Group A. Patients assigned to group A following resection and diagnos-
tic workup received two courses of cyclophosphamide, vincristine, predni-

sone, and doxorubicin (COPAD) without intrathecal (IT) chemotherapy, as
we have previously described (Fig 1A).10

Group B. The details of treatment and random assignment have been
describedpreviously.12 Patientsreceived7-day, low-dose,prophasecyclophos-
phamide, vincristine, and prednisone (COP) therapy. Induction therapy con-
sisted of two cycles of fractionated COPAD and high-dose methotrexate 3
g/m2 (HD-MTX; COPADM). Patients then received two consolidation cycles
of cytarabine and HD-MTX (CYM). Treatment concluded with one mainte-
nance phase of COPADM (COPADM-3). Patients received IT chemotherapy
prophylaxis during all phases of the therapy. As previously described, patients
who did not progress during the first induction course were randomly as-
signed to therapy reduction with 50% cyclophosphamide delivered in the
second induction cycle and/or the elimination of maintenance therapy in a
four-arm stratified random assignment. Patients with less than a 20% response
on day 7 of COP and patients with residual disease after CYM-1 (that is, the
first cycle of CYM) were transferred to rescue group C therapy as outlined
below in Figure 1B.6,12

Group C. The details of treatment and random assignment are as
previously reported.6 Patients received 7-day low-dose prophase COP. Induc-
tion therapy consisted of two cycles of COPADM (with HD-MTX 8 g/m2).
Consolidation consisted of high-dose and continuous cytarabine with etopo-
side (CYVE). Patients with CNS disease did not receive cranial radiation but
received additional IT therapy as well as an additional HD-MTX course be-
tween consolidation courses (Figs 1C and 1D, respectively). The first mainte-
nance cycle consisted of COPADM, and three additional maintenance cycles
followed in the standard arm of therapy. Patients with favorable disease reas-
sessments were randomly assigned to reduction in chemotherapy during the
consolidation phase (CYVE) and the elimination of the three maintenance
arms in a two-arm random assignment.6

Definition, Eligibility, and Random Assignment

of Adolescents

The upper age limit of enrollment was 21 years at diagnosis in COG
institutions and 18 years at diagnosis in SFOP and UKCCSG institutions. The
definition of adolescence for subsequent analysis included patients age � 15
years at study enrollment. In the randomized analysis, patients were randomly
assigned within cooperative groups and strata defined by all combinations of
cooperative group, histology (DLBCL or not), stage and LDH level (group B),
and CNS positivity (group C). No a priori stratification occurred on the basis
of age at enrollment. The distribution of adolescents in the randomized arms
was not planned or stratified in advance.

Hematopathology

The morphology and immunophenotype from the initial diagnostic
material from each patient was independently evaluated by each of the six
hematopathologists from the three national cooperative groups (SFOP: M.
Raphael, M.J. Terrier-Lacombe; CCG: M.A. Lones, S.L. Perkins; UKCCSG: K.
McCarthy, K.A. Wotherspoon) to establish a diagnosis. The initial standard
immunophenotyping panel included antibodies to the following CD antigens:
CD20, CD79a, CD3, CD45RO, TDT, CD30, and p80, as described previ-
ously.23,24 The protocol cases were classified according to the criteria described
in the REAL and WHO classifications.23,24 At initial evaluation, only clinical
information on biopsy site, age, and sex were known. All mediastinal cases
were reviewed again by the pathology group at a multiheaded microscope,
with full knowledge of all available clinical and cytogenetic information and
with careful attention to morphologic features of sclerosis, clear-cell change,
and immunophenotype. Because of the limited amount of tissue available,
design of the protocol, and the availability of antibodies at the time of review,
additional immunohistochemical staining could not be performed, Results of
morphologic and immunophenotypic evaluations, as well as diagnosis, were
recorded on a standard form for entry into a computer database. A national
consensus diagnosis was established for each patient on the basis of indepen-
dent agreement by the group of hematopathologists or following review by the
national group on a multiheaded microscope. A final consensus diagnosis was
established for each patient when at least two of the three national consensus
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diagnoses were in agreement or following review on a multiheaded micro-
scope by all members of the reviewing committee. If morphology was ambig-
uous between DLBCL and BL leading to discordance by the reviewers, BCL-2
and MIB-1 stains were performed to aid in diagnosis, although this was
necessary in less than 10% of cases.

Statistical Methods

The primary end point for analysis was EFS, which was defined as the
minimum time to death from any cause, relapse, progressive disease, second
malignant neoplasm, or biopsy-positive residual disease at the end of the group C
consolidationphase.ThesecondaryendpointwasOS,whichwasthetimetodeath
fromanycausemeasuredfromthestartof therapy.Product-limitestimatesofEFS
and OS probabilities are reported along with Greenwood SEs. The log-rank test
and multivariate Cox regression analysis were used to identify significant factors.
All reported P values are two-sided. Statistical computations were performed by
using STATA version 11 (STATA, College Station, TX).

RESULTS

Demographics

Therewere1,111patientsregisteredonFABLMB96fromMay1996
to June 2001. There were 132, 744, and 235 patients treated on group A,
group B, and group C therapy, respectively. Fifteen percent of patients
(n�166) were 15 years old or older. Patients up to age 21 were permitted
on study in CCG, but not in the other cooperative groups. Thus, 21% of
CCG registered patients were 15 years of age or older compared with 7%
for SFOP and 13% for UKCCSG (P � .001). The frequency of males was
3.3 times higher than that for females in the entire cohort.

Patient demographics and disease characteristics are summa-
rized separately for adolescents (age � 15 years) and younger children
(age � 15 years) in Table 1. There was a difference in the distribution
of disease site (P � .001) with a higher frequency of patients with
abdominal/retroperitoneal and head and neck disease among younger
children and a higher frequency of patients with primary mediastinal
and peripheral node disease among adolescents. The distribution of
pathology subtypes was also different (P � .001); patients with BL/
BLL were more frequent among younger children although patients
with DLBCL and mediastinal disease were more frequent among
adolescents. There was a difference in distribution of disease stage
(P � .003), with a higher percentage of patients younger than age 15
years in stage III. There was also a difference in distribution of BM and
CNS positivity (P � .01), with a lower frequency of adolescents being
BM-positive compared with younger children (13% v 22%), but fre-
quency was similar for involvement of the CNS in the two age groups
(11% v 10%). There was a lower proportion of patients with
LDH � 2 � institutional upper limit of normal (ULN) among
adolescents compared with children younger than age 15 years
(34% v 45%; P � .009).

EFS and OS

Median follow-up in patients not experiencing an event was 4.5
years. The estimated 3-year EFS and OS in the entire cohort of patients
(N � 1,111) with newly diagnosed mature B-cell NHL treated in the
FAB LMB 96 study was 88% � 1.0% and 90% � 0.91%, respectively

A

DC

B

COPAD

(All Resected Stage I and Abdominal Stage II Only)

COPAD

120 3.3 B4 
   1/2 dose CPM 

180 4.3 B3 
   1/2 dose CPM 

COP––
COPADM1 

120 4.8 B2 

180 5.8 B1 COPADM2––CYM x 2––COPADM3 

COPADM2––CYM x 2

COPADM2––CYM x 2––COPADM3 

COPADM2––CYM x 2

ADR 
(mg/m2)

CPM 
(g/m2)

Arm 

COP COPADM1
(MTX 8 g/m2)

COPADM2
(MTX 8 g/m2)

COP COPADM1
(MTX 8 g/m2)

COPADM2
(MTX 8 g/m2)

double IT
+

double IT
+

triple IT
8 g/m2

double IT
+

double IT
+triple IT

8 g/m2 (VP-16 100 mg/m2)

CYVE1—HDMTX––CYVE2––M1-M2-M3-M4

CYVE1—CYVE2––M1-M2-M3-M4

MiniCYVE1—HDMTX—MiniCYVE2—M1

(ARA C 2 g/m2) (VP-16 100 mg/m2)
MiniCYVE1—MiniCYVE2—M1

Random assignment

Random assignment

1st evaluation 2nd evaluation

1st evaluation 2nd evaluation
3rd evaluation
residual disease off study

3rd evaluation
residual disease off study

Fig 1. Overall experimental design of (A) group A therapy, (B) group B therapy, (C) group C therapy for CNS-positive patients, (D) group C therapy for CNS-negative
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(Fig 2A). The estimated 3-year EFS in patients who had group A, B,
and C therapy was 99% � 0.75%, 89% � 1.2%, and 79% � 2.7%,
respectively (P � .001; Fig 2B). The estimated 3-year EFS in children
younger than age 15 years was similar to that of adolescent patients
(89%�1.0%v84%�3.4%;P� .15;Fig3).Therewasalsonosignificant
difference in the estimated 3-year OS between the two age groups
(� 15 v � 15 to 21 years; 91% � 0.93% v 85% � 3.2%; P � .083).

Risk Factors for EFS

The log-rank analysis for EFS identified several risk factors that
were significant, including prognostic group (P � .001; Fig 4A),
LDH � 2 � ULN (P � .001), BM/CNS status at diagnosis (P � .001,
Fig 4B), stage III/IV (P � .001), and primary site (P � .001; Fig 4C).

A Cox multivariate regression analysis was performed that in-
cluded age (� 15 v � 15 years), prognostic group, stage, primary site,
pathology, BM/CNS involvement, and LDH � 2 � ULN. The relative
failure rate (RFR) estimates, confidence intervals, and P values from

this analysis are summarized in Table 2. Age, prognostic group, stage,
and pathology were not significant in this analysis. However, several
other variables were significant. LDH � 2 � ULN had a relative risk
(RR) of 2.0 (P � .003). Primary site was significant (P � .012)
primarily because of higher treatment failure rate associated with
mediastinal disease and abdominal/retroperitoneal disease (RFR,
4.5 and 2.7, respectively, v patients with peripheral node prima-
ries). BM-positive/CNS-positive status was significant (P � .001),
primarily because of the higher treatment failure rate associated
with combined BM and CNS involvement (RFR, 4.9 v patients with
neither BM nor CNS involvement).

DISCUSSION

This trial was the largest multinational cooperative group study in
children and adolescents with newly diagnosed mature B-cell NHL.
Malignant lymphomas are the most common cancer in adolescents
(age 15 to 19 years) and represent almost one in four of all malignant

Table 1. Demographic Characteristics and Risk Factors

Characteristic

Adolescents
(older than

age
15 years)

Children
(younger
than age
15 years)

PNo. % No. %

Total No. of patients 166 15 945 85
Sex .26

Male 122 73 732 77
Female 44 27 213 23

Male:female ratio 2.8:1 3.4:1 .21
Prognostic group

A 23 14 109 12
B 116 70 628 66
C 27 16 208 22

Stage (Murphy) .003
I 27 16 93 10
II 27 16 200 21
III 84 51 405 43
IV 28 17 247 26

Primary site � .001
Peripheral node 32 19 88 9
Mediastinal 32 19 22 2
Abdominal/retroperitoneal 57 34 517 55
Head and neck 13 9 177 19
Other 32 19 141 15

Pathology � .001
BL/BLL 79 48 718 74
DLBCL 75 45 174 18
Other 12 7 53 8

BM/CNS .01
BM negative/CNS negative 137 83 696 74
BM positive/CNS negative 10 6 151 16
BM negative/CNS positive 7 4 39 4
BM positive/CNS positive 11 7 57 6

LDH .009
� 2 � institutional ULN 107 66 504 55
� 2 � institutional ULN 54 34 406 45
Unknown 5 35

Abbreviations: BL, Burkitt lymphoma; BLL, Burkitt-like lymphoma; DLBCL,
diffuse large B-cell lymphoma; LDH, lactate dehydrogenase; ULN, upper limit
of normal.
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Fig 2. (A) Probability of overall survival and event-free survival of entire cohort.
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group C therapy.

Cairo et al

390 © 2012 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

SA Edition 61

JCO SA2 2012.indd   61 2012/05/04   1:18 PM



tumors during in this age group.17,25-27 Furthermore, successful treat-
ment of adolescent cancer has been significantly hampered by several
contributing factors, including labile emotional well-being, lack of
parental guidance, poor participation in clinical trials, decreased med-
ical insurance coverage, lack of economic resources, and few multidis-
ciplinary programs.27-29

Historically, there was general consensus that mature B-cell
NHL, especially BL, occurring in adolescence was an independent risk
factor for a poorer EFS compared with that occurring in children
younger than age 15 years.9,13 In the CCG retrospective review of 470
children with BL treated from 1977 to 1994 on front-line CCG B-cell
NHL trials, adolescents age � 15 years had a significantly inferior
survival compared with children younger than age 15 years (35% v
55% to 60%; P � .002).9 Similarly, Patte et al13 demonstrated in
patients with intermediate-risk disease given group B therapy in LMB
89 that adolescents had an RR of 6.7 (range, 2.2 to 20.4) for relapse
(P � .006) compared with younger patients (younger than age 15
years) with mature B-cell NHL. Burkhardt et al26 reviewed the out-
come of all adolescents with NHL treated on Berlin-Frankfurt-
Münster (BFM) 86, BFM 90, and BFM 95 and demonstrated in a
multivariate analysis a significantly inferior outcome in adolescents
(age 15 to 18 years) with mediastinal large B-cell lymphoma (P� .054)
and a trend in females age � 15 years with DLBCL. However, our
current, more intensive study demonstrated that age � 15 years (ad-
olescents) was not an independent risk factor for inferior EFS, nor was
there any indication of a differential effect of age within patient sub-
groups defined by morphology or sex.

However, the current study did demonstrate that LDH level,
mediastinal disease, and BM-positive/CNS-positive disease are inde-
pendent risk factors for outcome in children and adolescents with
mature B-cell NHL treated on modern, short but intensive therapy
such as that in FAB LMB 96. A major risk factor identified in this study
associated with an inferior outcome was primary site (P � .012 in
multivariate analysis), especially in patients with mediastinal disease
(RR of 4.5 relative to patients with peripheral node primaries).
Although mediastinal disease represents less than 2% of all NHLs in
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Fig 4. Probability of event-free survival in patients treated in the French-
American-British Mature B-Cell Lymphoma 96 (FAB LMB 96) study, stratified by
(A) lactate dehydrogenase (LDH) at diagnosis (� 2 � institutional upper limit of
normal (ULN) v � 2 � institutional ULN), (B) bone marrow (BM)/CNS involve-
ment, and (C) primary site. Abd/retro, abdominal/retroperitoneal; H&N, head and
neck; Med, mediastinal; PN, peripheral node.
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children younger than age 15 years, its incidence in adolescence increases
to approximately 5% to 7%.26 In an earlier CCG study, Lones et al23

reported a 75% EFS in children with NHL arising in the mediastinum in
which the predominance and histology was PMBL. Similarly, Burkhardt
et al26 reported for the BFM, for NHL studies BFM-86, BFM-90, and
BFM-95, an approximately 65% � 8% EFS in children and adoles-
cents with mediastinal large B-cell lymphoma. Gene expression pro-
files in adults with PMBL are significantly different from those of other
common histologic subtypes of DLBCL.23,30-32 These findings suggest
that short but intensive mature B-cell NHL therapy without radio-
therapy, such as that in the FAB LMB 96 study, may not be the optimal
therapy for mediastinal disease in children and adolescents. We are
currently investigating the role of systemic rituximab with FAB LMB
group B therapy in children with advanced mature B-cell NHL, in-
cluding those with mediastinal disease.33,34

Increase in LDH (� 2 � ULN) was also associated with a signif-
icant decrease in EFS in children and adolescents with mature B-cell
NHL treated on the FAB LMB 96 trial (RR, 2.0; P � .001). Advanced-
stage disease has previously been demonstrated by several pediatric
cooperative groups, including CCG, SFOP, BFM, and the Italian As-
sociation of Pediatric Hematology Oncology (AEIOP) to be associated
with an inferior outcome7,9,13,14,35,36 In this most recent study, ad-

vanced stage was not an independent risk factor for relapse or progres-
sion. However, increased LDH at diagnosis as defined differently by
different cooperative groups has been historically associated with an
inferior outcome in children and adolescents with mature B-cell
NHL.7,13,14,35 Recent studies by Woessman et al16 have demonstrated
that HD-MTX (5 g/m2) over 24- versus 4-hour infusion in patients
with advanced-stage disease and/or increased LDH levels at diagnosis
in children and adolescents with mature B-cell NHL treated on BFM
NHL 95 is superior and is associated with a 93% EFS. Similarly, the
addition of rituximab to the FAB MB B4 chemotherapy backbone in
children and adolescents with mature B-cell NHL with advanced-
stage disease with or without increased LDH levels is safe and well-
tolerated.33,34 Recently, Meinhardt et al37 reported good response
rates with rituximab in children with intermediate and advanced
mature B-cell NHL in a single-dose phase II window design. Random-
ized and prospective studies will be required to determine whether
these and other strategies will significantly increase the EFS in children
and adolescents with newly diagnosed advanced-stage mature B-cell
NHL and/or with increased LDH levels at diagnosis.

In summary, this large and prospective FAB LMB 96 trial in
children and adolescents with newly diagnosed mature B-cell NHL
demonstrated that adolescent age (� 15 years) is not an independent
risk factor for inferior outcome in either univariate or multivariate
analysis. Further, increased LDH level (� 2 � institutional ULN),
mediastinal disease, and combined BM and CNS disease at diagnosis
were each independently associated with an increased risk of treat-
ment failure in children and adolescents with mature B-cell NHL who
were treated with modern, short but intensive therapy such as that in
the FAB LMB 96 study. Other biologic features such as cytogenetics
and/or molecular genetics and/or minimal residual disease may also
be associated with an increased risk of treatment failure in children
and adolescents with mature B-cell NHL.36,38 Future studies will be
required to determine whether different therapeutic strategies can
overcome the poor prognostic risk factors discussed herein in children
and adolescents with mature B-cell NHL. The results of this analysis
will hopefully form the basis of the next risk-adapted childhood and
adolescent mature B-cell NHL study.
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Table 2. Significant Risk Factors Associated With Relapse/Progression on
French-American-British Mature B-Cell Lymphoma 96 (FAB LMB 96)

Study Univariate and Multivariate Analysis

Risk Factor

Univariate Analysis Multivariate Analysis

3-Year EFS
(% � SE)

Log-
Rank P RFR 95% CI P

Age, years .15 .58
� 15 89 � 1.0 1.0
� 15 84 � 3.4 1.2 0.70 to 1.9

Prognostic group � .001 .90
A 99 � 0.75 1.0
B 89 � 1.2 2.0 0.38 to 11
C 79 � 2.7 2.6 0.36 to 19

Stage (Murphy) � .001 .082
I/II 98 � 1.1 1.0
III/IV 84 � 1.4 2.4 0.90 to 6.4

Primary site � .001 .012
Peripheral node 97 � 2.0 1.0
Mediastinal 72 � 6.2 4.5 1.2 to 17
Abdominal/retroperitoneal 87 � 1.4 2.7 0.83 to 9.0
Head and neck 94 � 2.0 1.2 0.32 to 4.4
Other 85 � 2.8 1.2 0.35 to 4.3

Pathology .92 .24
BL/BLL 89 � 1.1 1.0
DLBCL 87 � 2.5 1.6 0.92 to 2.7
Other 87 � 4.2 1.0 0.49 to 2.1

BM/CNS � .001 � .001
BM negative/CNS negative 91 � 1.1 1.0
BM positive/CNS negative 88 � 2.6 1.1 0.43 to 2.7
BM negative/CNS positive 83 � 5.6 1.8 0.50 to 6.6
BM positive/CNS positive 61 � 6.0 4.9 1.6 to 15

LDH � .001 .003
� 2 � institutional ULN 94 � 1.1 1.0
� 2 � institutional ULN 81 � 1.9 2.0 1.3 to 3.2

Abbreviations: BL, Burkitt lymphoma; BLL, Burkitt-like lymphoma; DLBCL,
diffuse large B-cell lymphoma; EFS, event-free survival; RFR, relative failure
rate; ULN, upper limit of normal.
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A B S T R A C T

Purpose
The combination of gemcitabine plus cisplatin (GC) is a standard regimen in patients with locally
advanced or metastatic urothelial cancer. A phase I/II study suggested that a three-drug regimen
that included paclitaxel had greater antitumor activity and might improve survival.

Patients and Methods
We conducted a randomized phase III study to compare paclitaxel/cisplatin/gemcitabine (PCG)
with GC in patients with locally advanced or metastatic urothelial carcinoma. Primary outcome was
overall survival (OS). Secondary outcomes were progression-free survival (PFS), overall response
rate, and toxicity.

Results
From 2001 to 2004, 626 patients were randomly assigned; 312 patients were assigned to PCG,
and 314 patients were assigned to GC. After a median follow-up of 4.6 years, the median OS was
15.8 months on PCG versus 12.7 months on GC (hazard ratio [HR], 0.85; P � .075). OS in the
subgroup of all eligible patients was significantly longer on PCG (3.2 months; HR, 0.82; P � .03),
as was the case in patients with bladder primary tumors. PFS was not significantly longer on PCG
(HR, 0.87; P � .11). Overall response rate was 55.5% on PCG and 43.6% on GC (P � .0031). Both
treatments were well tolerated, with more thrombocytopenia and bleeding on GC than PCG
(11.4% v 6.8%, respectively; P � .05) and more febrile neutropenia on PCG than GC (13.2% v
4.3%, respectively; P � .001).

Conclusion
The addition of paclitaxel to GC provides a higher response rate and a 3.1-month survival benefit
that did not reach statistical significance. Novel approaches will be required to obtain major
improvements in survival of incurable urothelial cancer.

J Clin Oncol 30:1107-1113. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Untreated metastatic urothelial carcinoma is as-
sociated with a median survival time rarely exceed-
ing 3 to 6 months. It is a chemotherapy-sensitive
tumor, and cisplatin-based chemotherapy is the
standard treatment.1,2 Historically, the combination
of methotrexate, vinblastine, doxorubicin, and cis-
platin (MVAC) modestly improved survival com-
pared with cisplatin alone3; the combination of
cyclophosphamide, doxorubicin, and cisplatin4;
and a carboplatin-based regimen.5 However, dose
intensification of MVAC did not improve median

survival,6-8 and the disappointing long-term out-
come with available regimens has led to the search
for new active drugs.

Among the agents assessed, the microtubule-
stabilizing taxane paclitaxel (Taxol; Bristol-Myers
Squibb, Princeton, NJ) and the pyrimidine antime-
tabolite gemcitabine (Gemzar; Eli Lilly, Indianapo-
lis, IN) have demonstrated high single-agent activity
in patients with advanced urothelial cancer. In pre-
viously untreated patients, paclitaxel produced a
response rate of 42%, with a 27% complete re-
sponse rate.9 Gemcitabine has single-agent activ-
ity against urothelial cancer in previously treated
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and untreated patients, with overall response rates in the range of
24% to 28%.10-13

The encouraging results with gemcitabine led to a phase III trial
comparing a combination of gemcitabine and cisplatin (GC) with
MVAC.2 GC provided a similar survival compared with MVAC with a
better safety profile and tolerability. This favorable risk-benefit ratio
established GC as another standard option for patients with locally
advanced and metastatic transitional-cell carcinoma.

Given the different mechanisms of action and the partially nonover-
lapping toxicity profiles of cisplatin, gemcitabine, and paclitaxel, the tri-
ple combination was assessed by the Spanish Oncology Genitourinary
Group.14,15 In 58 patients with advanced urothelial tumors in the com-
binedphaseI/IIcohort, theoverallresponseratewas77.6%(95%CI,60%
to 98%). There were 16 complete responses (27.6%), and the median
survivaltimewas15.6months.14,15Thus,thethree-drugcombinationwas
feasible, and the median survival seemed superior to that obtained with
the standard MVAC regimen.2 Therefore, the European Organisation for
Research and Treatment of Cancer (EORTC) designed a phase III study
(EORTC Intergroup Study 30987) to compare the efficacy of GC plus
paclitaxel (PCG) with GC alone in patients with locally advanced or
metastatic urothelial cancer. Preliminary data from this study, with a
medianfollow-upof3.4years,werepresentedatthe43rdAnnualMeeting
of the American Society of Clinical Oncology in 200716; this article pres-
ents the final mature results after a median follow-up of 4.6 years.

PATIENTS AND METHODS

Design

An open-label randomized, phase III intergroup study was conducted
within the framework of the EORTC Genitourinary Group, with the cooper-

ation of the German Association of Urologic Oncology, Groupe d’Etude des
Tumeurs Uro-Génitales, National Cancer Institute of Canada Clinical Trials
Group, Spanish Oncology Genitourinary Group, Southwest Oncology Group,
and the National Cancer Research Institute Bladder Clinical Studies Group.

Eligibility

Eligible patients had histologically confirmed stage IV locally advanced
(T4b, any N; or any T, N2-3) or metastatic transitional-cell carcinoma of the
urothelium (pure or mixed). Tumor sites included the bladder, urethra, ure-
ter, and renal pelvis. Patients were required to have measurable or nonmea-
surable (evaluable) disease according to RECIST,17,18 age � 18 years, WHO
performance status of 0 or 1, and a life expectancy of at least 12 weeks. Patients
who received prior systemic chemotherapy or investigational agents were not
allowed to enter the study. Other inclusion criteria were adequate hematologic
(WBC count � 3.0 � 109/L, platelet count � 100 � 109/L, and hemoglobin
� 10 g/dL or 6.2 mmol/L), hepatic (serum bilirubin level � 1.25� above
the normal range, ALT or AST � 2.5� above the normal range), and renal
(creatinine clearance � 60 mL/min) function. Patients with significant
cardiac disease, brain metastases, or peripheral neuropathy greater than
grade 2 were not eligible. Patients with a secondary primary malignancy,
except for in situ carcinoma of the cervix, basal cell carcinoma of the skin,
or incidental prostate cancer (T1, Gleason score � 6, prostate-specific
antigen � 0.5 ng/mL), were also not eligible.

The study was conducted in accordance with the Declaration of Helsinki
and Good Clinical Practice Guidelines. The study protocol was approved by
the institutional review board of each participating center, and relevant patient
safeguards were observed. All patients provided written informed consent.

Treatment Schedule

Patients were centrally randomly assigned at the EORTC to receive either
PCG (experimental arm) or GC (control arm). Random assignment was
stratified by study site, WHO performance status (0 v 1), and the presence or
absence of metastatic disease. Treatment schedule and dose adjustments were
done according to previously published data.2 In summary, in the GC arm,
gemcitabine 1,000 mg/m2 was administered on days 1, 8, and 15, and cisplatin
70 mg/m2 was administered on day 2, every 28 days. The PCG arm consisted of

)682=n(elbigilE
  Started treatment (n = 280)
  Did not start treatment (n = 6)

)52=n(elbigilenI
)5=n(egatsesaesiD
)1=n(esaesidtnerrucnoC
)2=n(ygolotsiH

  Prior treatment not allowed (n = 1)
  Insufficient delay since prior treatment (n = 1)
  Inadequate renal function (n = 11)
  No lesion for response evaluation (n = 1)
  Other laboratory data (n = 3)
    Started treatment (n = 21)
    Did not start treatment (n = 4)
Eligibility criteria unverifiable  (n = 1)

)1=n(tnemtaertdetratS
  Did not start treatment (n = 0)

)213=n(noitalupopTTI
Eligible population (n = 286)

)203=n(noitalupopytefaS

)982=n(elbigilE
  Started treatment (n = 286)
  Did not start treatment (n = 3)

)22=n(elbigilenI
)8=n(egatsesaesiD

  Prior treatment not allowed (n = 1)
)2=n(esaesidtnerrucnoC

  Inadequate renal function (n = 6)
  No lesion for response evaluation (n = 1)
  Previous in situ laryngeal cancer (n = 1)
  Other laboratory data (n = 3)
    Started treatment (n = 19)
    Did not start treatment (n = 3)
Eligibility criteria unverifiable  n = 3)

)0=n(tnemtaertdetratS
  Did not start treatment (n = 3)

)413=n(noitalupopTTI
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Assigned to paclitaxel/cisplatin/gemcitabine
(n = 312)

Assigned to gemcitabine/cisplatin
(n = 314)

Randomly assigned
(N = 626)

Fig 1. Flow chart of the study population.
Eligibility before the database lock was as-
sessed by the study coordinator (J.B.) and
thereafter reviewed by the statisticians (R.S.
and S.C.) and the clinical research physician
(S.M.). ITT, intent to treat.
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the sequential administration of paclitaxel 80 mg/m2 before the same doses of
gemcitabine and paclitaxel as in the GC arm on day 1. Paclitaxel and gemcit-
abine were administered at the same doses on day 8. Cycles were repeated every
21 days. Patients were treated for a maximum of six cycles or until documen-
tation of progression according to RECIST,17 unacceptable toxicity, or a re-
quest for discontinuation by the patient or attending physician.

Study End Points

The primary end point was overall survival (OS), which was defined
as the time between random assignment and death from any cause. Sec-
ondary end points were progression-free survival, response rate according
to RECIST,17 and toxicity using the National Cancer Institute Common
Toxicity Criteria (CTC) version 2.0. Patients were assessable for response if
they had evaluable disease (measurable and/or non measurable), had received
at least one cycle, and had at least one follow-up tumor assessment. Response
had to be confirmed after at least 4w. Patients were evaluated every 3m during
the first 2y and every 6m thereafter.

Statistical Considerations

The median survival on GC was assumed to be 14 months. The trial was
designed to detect an increase in the median survival from 14 months to 18
months on PCG (or equivalently an increase in the 14 month survival rate
from 50% to 58.7%), which corresponds to a hazard ratio (HR) of 0.778. It was
estimated that a total of 610 patients (305 patients in each arm) was needed to
observe the 498 deaths required based on a two-sided log-rank test at error
rates of � � .05 and � � .20. Two interim efficacy analyses were carried out in
January 2004 and June 2007. To maintain the overall � at 5%, the significance
level used for the final analysis was 3.9%.

The primary analysis was carried out in the intent-to-treat (ITT) population
of all randomly assigned patients. Time-to-event curves (duration of OS and PFS)
were estimated using the Kaplan-Meier method and compared based on a two-
sidedlog-ranktest.Responserateswerecomparedusinga�2 test.Survivalwasalso
compared in the eligible patients (unplanned, post hoc analysis).

RESULTS

Between May 2001 and June 2004, 626 patients from 137 institutions
were randomly assigned, 314 patients to GC and 312 patients to PCG.
The 607 patients who started treatment were included in the safety
analyses. Forty-seven patients (22 patients on GC and 25 patients on
PCG) were ineligible, with an additional four patients with eligibility
unverifiable, 41 of whom started protocol treatment (Fig 1).

Patient Characteristics

Patient characteristics at random assignment were well balanced
between the arms. Baseline data are listed in Table 1.

Survival

After a median follow-up of 4.6 years (maximum, 6.8 years), 504
patients (80.5%) have died, 256 (81.5%) on GC and 248 (79.5%) on
PCG. Causes of death were urothelial cancer in 434 patients (226
patients [72%] on GC and 208 patients [66.7%] on PCG), toxicity in
nine patients, chronic disease in one patient, other causes in 36 pa-
tients, and unknown in 24 patients.

The median OS was 3.1 months longer in the PCG arm; median
OS was 15.8 months (95% CI, 13.6 to 17.5 months) on PCG compared
with 12.7 months (95% CI, 11.0 to 14.4 months) on GC. However, the
difference in median OS did not reach statistical significance (HR,
0.85; 95% CI, 0.72 to 1.02; P � .075; Fig 2). The OS rates at 1 and 4
years were 61.4% (95% CI, 55.7% to 66.6%) and 17.2% (95% CI,
13.0% to 21.8%), respectively, on PCG, compared with 52.8% (95%
CI, 47.0% to 58.2%) and 16.4% (95% CI, 12.3% to 20.9%), respec-

tively on CG. Results were similar when adjusted simultaneously by
cooperative group, WHO performance status, and presence or ab-
sence of metastatic disease.

All eligibility criteria including laboratory values were checked
according to the most recent information available at the time of
random assignment. Forty-seven patients (8%) were ineligible, mostly
for reasons of disease stage and/or impaired renal function. Ten of
these patients did not start the allocated treatment or were not physi-
cally fit enough to receive optimal treatment. Hence, we also analyzed
OS in the eligible patient population, which showed that patients
treated with the triplet had a significantly longer duration of survival
(median, 15.9 months; 95% CI, 13.6 to 18.1 months) than patients in
the GC arm (median, 12.7 months; 95% CI, 11.4 to 14.4 months; HR,
0.82; 95% CI, 0.68 to 0.98; P � .03; Fig 3).

After recent reports that outcome in tumors of the upper urinary
tract may differ from outcome in tumors of the lower tract,20 the

Table 1. Patient Demographics and Disease Characteristics at
Random Assignment

Demographic or
Characteristic

Paclitaxel/
Cisplatin/

Gemcitabine
(n � 312)

Gemcitabine/
Cisplatin
(n � 314)

Total
(N � 626)

No. of
Patients %

No. of
Patients %

No. of
Patients %

Sex
Male 256 82.3 252 81.0 508 81.7
Female 55 17.7 59 19.0 114 18.3

Age, years
Median 61 61 61
Range 27-80 32-79 27-80

WHO performance status
0 171 54.8 171 54.5 342 54.6
1 141 45.2 143 45.5 453 45.5

Location of primary tumor
Bladder 254 81.4 259 82.5 513 81.9
Renal pelvis 27 8.6 25 8.0 52 8.3
Ureter 13 4.2 17 5.4 30 4.8
Urethra 11 3.5 8 2.5 19 3.0
Other 6� 1.9 2† 0.6 8 1.3

Distant metastases 275 88.1 276 87.9 551 88.0
Nonvisceral metastases 130 41.7 121 38.5 251 40.1
Visceral metastases‡ 145 46.5 155 49.4 300 47.9

Bone 51 16.3 57 18.2 108 17.3
Liver 41 13.1 51 16.2 92 14.7
Lung 70 22.4 84 26.8 154 24.6
Peritoneum 19 6.1 12 3.8 31 5.0

No. of metastatic sites
1 108 34.6 110 35.0 218 34.8
2 86 27.6 89 28.3 175 28.0
� 3 81 26.0 77 24.5 158 25.2

Prognostic risk group§
Low 98 31.4 93 29.6 191 30.5
Intermediate 136 43.6 135 43.0 271 43.3
High 77 24.7 83 26.4 160 25.6

Abbreviations: GC, gemcitabine � cisplatin; PCG, paclitaxel/cisplatin/gemcitabine.
�One patient missing data.
†Three patients missing data.
‡CNS: 1 patient on PCG and 0 on GC; bone marrow: 0 patients on PCG and

2 on GC.
§Based on Bajorin et al.19
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possible influence of anatomic site on treatment effect was inves-
tigated in an analysis that was not preplanned. Among the 81% of
patients in whom the bladder was the site of the primary tumor,
median OS after PCG was significantly longer than that after GC
(15.9 v 11.9 months, respectively; HR, 0.80; 95% CI, 0.66 to 0.97;
P � .025).

Prognostic factor analyses in the ITT population, independent of
the treatment administered, showed statistically significant differences
in survival according to WHO performance status (1 v 0: HR, 1.50;
95% CI, 1.26 to 1.79; P� .001), metastatic disease (presence v absence:
HR, 1.38; 95% CI, 1.13 to 1.69; P � .001), visceral metastases
(presence v absence; HR, 1.74; 95% CI, 1.46 to 2.08; P � .001),
and number of Memorial Sloan-Kettering Cancer Center risk
factors (two risk factors v no or one risk factor: HR, 2.17; 95%
CI, 1.79 to 2.64; P � .001).

PFS

Progression or death was documented in 547 patients, 278 on GC
and 269 on PCG. The median PFS was 8.3 months on PCG and 7.6
months on GC (HR, 0.87; 95% CI, 0.74 to 1.03; P � .113; Fig 4).

Response Rate

The overall response rate (complete or partial; blinded review
by J.B.) was significantly higher among patients treated with PCG
than GC (55.5% v 43.6%, respectively; P � .0031). Response to
treatment is shown in Table 2. Overall, 48 patients (21 patients in
the PCG arm and 27 patients in the GC arm) underwent postchem-
otherapy surgical resection.

Drug Exposure and Toxicity

Of the 626 randomly assigned patients, 607 started the protocol
treatment, 302 on PCG and 305 on GC (three patients refused, three
patients had disease progression before start, four patients had other
complicating diseases, four patients had other reasons, and informa-
tion was lacking in five patients). The median duration of treatment

0

Overall log-rank test P = .113

Gemcitabine/cisplatin (n = 314; O = 278)
Paclitaxel/cisplatin/gemcitabine (n = 312; O = 269)

No. at risk
Gemcitabine/  82 40 29 22 7 1
  cisplatin
Paclitaxel/  90 44 38 28 12 3
  cisplatin/
  gemcitabine
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Fig 4. Duration of progression-free survival. O, number of observed events.
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Gemcitabine/cisplatin (n = 314; O = 256)
Paclitaxel/cisplatin/gemcitabine (n = 312; O = 248)
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Fig 2. Overall duration of survival in the intent-to-treat patient population. O,
number of observed events.
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Gemcitabine/cisplatin (n = 289; O = 242)
Paclitaxel/cisplatin/gemcitabine (n = 286; O = 228)

No. at risk
Gemcitabine/  148 67 42 32 8 2
  cisplatin
Paclitaxel/  172 82 51 34 16 5
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Fig 3. Overall duration of survival in the eligible patients. O, number of
observed events.

Table 2. Overall Response According to RECIST

Best Overall Response
to Treatment

Paclitaxel/
Cisplatin/

Gemcitabine
(n � 312)

Gemcitabine/
Cisplatin
(n � 314)

Total
(N � 626)

No. of
Patients %

No. of
Patients %

No. of
Patients %

Complete response 42 13.5 35 11.1 77 12.3
Partial response 131 42.0 102 32.5 233 37.2
Stable disease 69 22.1 97 30.9 166 26.5
Progression of disease 21 6.7 47 15.0 68 10.9
Early death 8 2.6 7 2.2 15 2.4
Not assessable 31 9.9 17 5.4 48 7.7
Treatment never started 10 3.2 9 2.9 19 3.0
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was 16.3 weeks (range, 0.1 to 219 weeks). Appendix Table A1 (online
only) lists treatment duration, dose reduction, and discontinuation.

Overall, the addition of paclitaxel to the combination of GC had
little effect on the frequency or severity of toxic effects. Details of
nonhematologic and hematologic adverse events are listed in Table 3.

Patients on the PCG arm, compared with patients on the GC arm,
experienced more grade 4 neutropenia (35.8% v 20%, respectively; P �
.001), more febrile neutropenia (13.2% v 4.3%, respectively; P �
.001), and a greater need for granulocyte colony-stimulating factor
administration (17% v 11%, respectively; P � .03). However, there
was no difference between treatments in the occurrence of neutro-
penic sepsis. Grade 4 thrombocytopenia was more frequent in the GC
arm versus the PCG arm (6.2% v 4.0%, respectively; P � .03). Grade 3
or 4 thrombocytopenia associated with grade 3 bleeding was also more
frequent in the GC arm than the PCG arm (11.4% v 6.8%, respectively;
P � .05).

Severe acute toxicity (toxic death, grade 3 or 4 thrombocytopenia
with grade 3 or 4 hemorrhage, grade 4 thrombocytopenia with hem-
orrhage, grade 3 asthenia at first cycle, grade 4 asthenia during treat-
ment, grade 3 or 4 renal toxicity, grade 3 or 4 neutropenic fever, or
grade 3 or 4 mucositis) was observed in 20.2% of patients on PCG
(including six toxic deaths) and in 14.8% of patients on GC (including
three toxic deaths).

DISCUSSION

This large, multinational, intergroup, phase III study, to our knowl-
edge the largest study ever conducted in locally advanced or metastatic
urothelial carcinoma, enrolling more than 600 patients over 3 years,
confirms that cooperative groups on two continents can work to-
gether to provide timely answers to important clinical questions in this
disease. The study shows that the three-drug combination of PCG

provides a better response rate and a 3.1-month prolongation in
median survival when compared with standard GC alone. The 15.8-
month median OS on the triplet in this trial closely matches the
outcome in the phase II study.14,15 The present findings also confirm
the tolerability of the PCG regimen.

The trial was designed to detect a difference of 4 months in
median survival between GC and PCG. The choice of 4 months was
driven by the expected median survival of 18 months initially obtained
in the phase I/II dose-finding study.15 The phase III study reported
here showed a difference of 3.1 months in the OS in the ITT popula-
tion, which is a strong trend but did not reach statistical significance.
In view of the potential dilution effect of 8% ineligible patients, some
of whom either did not receive the allocated treatment or were not
physically fit enough to receive optimal treatment, we also carried out
an analysis in the 575 eligible patients, which showed a median sur-
vival advantage of 3.2 months favoring the triplet compared with GC
(15.93 v 12.71 months, respectively) and a reduction of 18% in the risk
of death (HR, 0.82), which did reach statistical significance (P � .030).
The eligibility was assessed based on measurements taken before ran-
dom assignment so exclusion of the ineligible patients does not bias
the treatment comparison, even though this has the limitation of
being an additional unplanned analysis. The planned requisite of a
4-month difference in the median duration of survival based on those
data was highly ambitious.15 The fact that the effect sought in the ITT
patient population was not attained cannot be attributed to preran-
domization differences in prognostic factors between the treatment
groups because the two arms were generally well balanced regarding
performance status and visceral metastases. This was further demon-
strated in the ITT population because the conclusions were not af-
fected after adjusting for these variables.

In addition, the trial has raised an intriguing issue of wide clinical
importance. In a post hoc analysis, there was evidence of a greater and

Table 3. Nonhematologic and Hematologic Adverse Events

Adverse Event

Gemcitabine/Cisplatin (n � 305) Paclitaxel/Cisplatin/Gemcitabine (n � 302)

Grade 3 Grade 4 Grade 3 Grade 4

No. of
Patients %

No. of
Patients %

No. of
Patients %

No. of
Patients %

Nonhematologic adverse events
Vomiting 19 6.2 1 0.3 20 6.6 1 0.3
Pulmonary toxicity 12 3.9 3 1.0 12 4.0 4 1.3
Cardiovascular events� 36 11.8 7 2.3 28 9.3 5 1.6
Allergy 0 0 1 0.3 5 1.7 4 1.3
Fatigue 34 11.1 0 43 14.2 4 1.3
Bleeding 22 7.0 1 0.3 9 2.9 1 0.3
Infection 40 13.1 4 1.3 49 16.2 8 2.6
Renal toxicity 10 3.3 5 1.6 11 3.6 3 1.0
Neuropathy/sensory 1 0.3 0 0 0 0 1 0.3
Alopecia 2 0.7 0 0 5 1.7 0 0
Diarrhea 10 3.3 1 0.3 14 4.6 0 0

Hematologic adverse events
WBC 102 33.4 16 5.2 102 33.8 53 17.5
Neutropenia 93 30.5 61 20.0 86 28.5 108 35.8
Thrombocytopenia 140 45.9 19 6.2 92 30.5 12 4.0
Hemoglobin 70 23.0 8 2.6 60 19.9 8 2.6

�Includes edema, hypotension, thrombosis/embolism, and other cardiovascular events.
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statistically significant survival benefit in patients with bladder
primaries receiving the triple regimen (median, 15.9 months for
PCG v 11.9 months for GC) in contrast to patients with nonbladder
primaries, in whom there was no benefit. Pathologic findings in
large series of upper tract urothelial cancer reveal that these tumors
tend to have higher grade and stage than bladder cancer.20 Despite
morphologic similarities, there are genetic and epigenetic differences
between transitional-cell carcinoma in the upper and lower urinary
tracts. First, embryologically, the urothelium of bladder and ureter
arises from different tissues.21 Second, in vitro studies have shown that
urothelium from the two sites differs in uroplakin content, keratin
expression pattern, growth potential, and propensity to keratinize.22

Extracellular matrix–associated proteins with counter-adhesive prop-
erties respond differently in ureteric and bladder urothelial cells.23

Mono- and dinucleotide microsatellite instability, a feature of tumors
with deficient mismatch repair, is more common in upper than lower
urinary tract cancers,24,25 and these tumors have more extensive
methylation than bladder cancers.26 To our knowledge, this study is
the first to show a trend in OS advantage in a subgroup of patients with
advanced urothelial cancer with bladder being the primary origin. The
fact that the benefit by the triplet seems to be obtained particularly in
bladder urothelial cancer and that upper tract urothelial cancer may be
less responsive to chemotherapy implies that patients with bladder
primaries (by far the most common site of urothelial cancer) should
perhaps be treated differently from patients with urothelial tumors
arising at other sites. Consequently, in the future, trials will need to
prospectively analyze this hypothesis in addition to testing the impor-
tance of methylating patterns and other molecular factors.

Finally, the present results are consistent with previous findings
and confirm that the GC schedule as studied in the randomized phase
III study of GC versus MVAC2 may be more toxic in terms of grade 4
thrombocytopenia than most clinicians expect, often resulting in the
need for omission of gemcitabine on day 15. Newer regimens with GC
using a 21-day schedule are being developed to reduce the need to
administer gemcitabine on day 15, which often requires adjustment
because of high hematologic toxicity.

The modest survival benefit for the combination of PCG ob-
served in this report has been shown in an exploratory analysis in the
eligible patients. The eligible patient population corresponds to the
population targeted by the protocol and to whom the results are to be
generalized, and therefore, this might be considered to be a more
meaningful analysis. In the future, to select patients most likely to
benefit from the triple therapy, the development of biomarkers that
predict outcome or sensitivity to chemotherapy is an essential first
step. Pharmacogenomics and genomics might eventually play a role in
the selection of better candidates for treatment and aid in the person-
alized design of treatment.

In conclusion, this large, multinational, phase III trial in patients
with locally advanced or metastatic urothelial cancer without prior
systemic therapy shows that the triple combination of PCG provides a
higher response rate when compared with GC. The predefined pri-
mary end point for OS improvement was not reached in the overall
patient population, but the 3.2-month survival difference in the pop-
ulation of all eligible patients reached statistical significance. More-
over, a benefit in patients with a bladder primary was also observed in
an analysis that was not preplanned. Finally, the triple combination
was not appreciably more toxic than the GC regimen in this popula-
tion. Ongoing studies may assist to identify patients who will derive
the most benefit of taxane-based triple chemotherapy. Novel strategies
will be required to have a major impact on survival in this disease.
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lona; Luis Paz-Ares, Instituto de Biomedicina de Sevilla and Hospital Universitario Virgen del Rocio, Seville, Spain; Hans von der Maase, Aarhus
University Hospital, Aarhus; Hans von der Maase and Gedske Daugaard, Rigshospitalet, Copenhagen, Denmark; Graham M. Mead, Southam-
pton General Hospital, Southampton, United Kingdom; Iwona Skoneczna, Maria Sklodowska–Curie Memorial Cancer Centre, Warsaw,
Poland; Maria De Santis, LBI-ACR & ACR-ITR Vienna, Kaiser Franz Josef Hospital, Vienna, Austria; Andreas Boehle, HELIOS Agnes Karll
Krankenhaus, Bad Schwartau, Germany; Christine Chevreau, Institut Claudius Regaud, Toulouse, France; Leslie R. Laufman, Blood and Cancer
Care of Ohio, Columbus, OH; Derek Raghavan, Levine Cancer Institute, Carolinas HealthCare System, Charlotte, NC; Eric Winquist, London
Health Sciences Centre and University of Western Ontario, London, Ontario, Canada; Sandrine Marreaud, Sandra Collette, and Richard
Sylvester, European Organisation for Research and Treatment of Cancer, Brussels, Belgium; and Ronald de Wit, Erasmus University Medical
Center, Rotterdam, the Netherlands.

■ ■ ■

PCG or GC in Patients With Advanced Urothelial Cancer

www.jco.org © 2012 by American Society of Clinical Oncology 1113

SA Edition 71

JCO SA2 2012.indd   71 2012/05/04   1:18 PM



The 39th David A. Karnofsky Lecture: Bench-to-Bedside
Translation of Targeted Therapies in Multiple Myeloma
Kenneth C. Anderson

From the Jerome Lipper Multiple Myelo-
ma Center, Dana-Farber Cancer Insti-
tute, Harvard Medical School, Boston,
MA.

Submitted June 24, 2011; accepted
November 21, 2011; published online
ahead of print at www.jco.org on
January 3, 2012.

Supported by National Institute of
Health Grants No. RO1-50947, PO-1
78,378, and P50-100707. K.C.A. is an
American Cancer Society Clinical
Research Professor.

Author’s disclosures of potential con-
flicts of interest and author contribu-
tions are found at the end of this
article.

Corresponding author: Kenneth C.
Anderson, MD, Dana-Farber Cancer
Institute, 450 Brookline Ave, Boston,
MA 02115-5450; e-mail: kenneth_
anderson@dfci.harvard.edu.

© 2012 by American Society of Clinical
Oncology

0732-183X/12/3004-445/$20.00

DOI: 10.1200/JCO.2011.37.8919

A B S T R A C T

Multiple myeloma (MM) is a remarkable example of rapid bench-to-bedside translation in new drug
development. The proteasome inhibitor bortezomib and immunomodulatory drug lenalidomide
targeted MM cells in the bone marrow (BM) microenvironment to overcome conventional drug
resistance in laboratory and animal models and were rapidly translated into clinical trials
demonstrating their efficacy in patients with relapsed and then newly diagnosed MM, with a
doubling of the median survival as a direct result. The future is even brighter. First, immune-based
therapies are being developed (eg, elotuzumab monoclonal antibody [MoAb]; CD138DM immu-
notoxin; MM cell–dendritic cell vaccines; CD138, CS-1, and XBP-1 peptide vaccines; anti-17
MoAb; and other treatments to overcome causes of immune dysfunction). Second, promising
next-generation agents target the MM cell in its microenvironment (eg, deubiquitinating enzyme
inhibitors; chymotryptic [carfilzomib, Onyx 0912, MLN 9708] and broader [NPI-0052] proteasome
inhibitors; immunoproteasome inhibitors; and pomalidamide). Moreover, agents targeting bone
biology (eg, zoledronic acid, anti–DKK-1 MoAb, anti–B-cell activating factor MoAb and bortezomib,
Btk inhibitor) show promise not only in preserving bone integrity but also against MM. Third,
rationally based combination therapies, including bortezomib with Akt, mammalian target of
rapamycin, or histone deacetylase inhibitors, are active even in bortezomib-refractory MM. Finally,
genomics is currently being used in the definition of MM heterogeneity, new target discovery, and
development of personalized therapy. Myeloma therefore represents a paradigm for targeting the
tumor in its microenvironment, which has already markedly improved patient outcome in MM and
has great potential in other hematologic malignancies and solid tumors as well.

J Clin Oncol 30:445-452. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Multiple myeloma (MM) is characterized by ex-
cess monoclonal plasma cells in the bone marrow
(BM), in most cases associated with monoclonal
protein in blood and/or urine. With the use of
combined melphalan and prednisone nearly 50
years ago, median patient survival of patients with
MM was extended to 2 to 3 years. Originally pio-
neered by Tim McElwain in the 1970s, high-dose
melphalan followed by BM transplantation in the
1980s and with peripheral blood stem-cell rescue
in the 1990s further increased patient median sur-
vival to 3 to 4 years. Since 1998, MM has repre-
sented a new paradigm in drug development
because of the remarkable therapeutic efficacy
of targeting tumor cells in their microenviron-
ments.1,2 In particular, the observation that
proteasome inhibitor bortezomib and immuno-
modulatory drugs (IMiDs) thalidomide and
lenalidomide target the MM cell in the BM mi-
croenvironment has rapidly translated from
bench to bedside and six new US Food and Drug

Administration–approved treatments in the past
7 years, with a doubling of patient survival from 3
to 4 to 7 to 8 years as a direct result.3 Our contribu-
tions have been in the areas of identifying novel
targets in the tumor and microenvironment, val-
idating inhibitors directed at these targets, and
conducting clinical trials leading to their approval.
These collaborative efforts have included basic and
clinical investigators, the pharmaceutical industry,
the National Cancer Institute, US Food and Drug
Administration regulators, and patient advocacy
groups, with a common focus and inspired by the
sole goal of improving MM treatments.4 Indeed,
the use of novel targeted inhibitors to treat re-
lapsed refractory MM, relapsed MM, and newly
diagnosed MM and most recently as consolida-
tion and maintenance therapies has totally trans-
formed MM therapy and patient outcome.

I have been carrying out bench-to-bedside re-
search in MM for 38 years now, initially inspired by
my mentor, Dr Richard L. Humphrey, who taught
me the two most important lessons that have
shaped my research and clinical practice. As a
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medical student at Johns Hopkins, he instilled in me the opportunity
in MM to “make science count for patients” by developing laboratory
and animal models of disease and then rapidly translating promising
leads from the bench to the bedside in clinical trials. Moreover, he
imprinted in me the importance of treating patients as family. He has
served as my inspiration and role model ever since.

DEVELOPMENT OF IMMUNE-BASED THERAPIES

After an introduction to MM both in the laboratory and clinic at Johns
Hopkins during my medical school and internal medicine training, I
moved to the Dana-Farber Cancer Institute for training in medical
oncology, hematology, and tumor immunology. There Drs George
Canellos and Robert Mayer instilled in me the importance of clinical
investigation. Under the tutelage of Drs Lee Nadler and Stuart Schloss-
man, I was part of a team that developed monoclonal antibodies
(MoAbs) directed at B-cell malignancies, including MM.5,6 It was an
extraordinary time, because these MoAbs allowed for identification of
the lineage and stage of differentiation of B-cell malignancies as well as
comparison of the neoplastic B cell with its normal cellular counter-
part. A panel of B-cell MoAbs was useful to complement histopatho-
logic diagnosis and identify non–T-cell acute lymphoblastic leukemia,
chronic lymphocytic leukemia and lymphomas, and MM as tumors
corresponding to pre–B cells, isotype diversity B differentiative stages,
and plasma cells, respectively.5

Right from the outset, these MoAbs were also used in innovative
treatment strategies in MM, and our efforts to develop immune-based
MoAb and immunotoxin therapies, tumor vaccines, and mechanisms
to abrogate host immunosuppression continue to the present. Specif-
ically, high-dose therapy and autologous BM transplantation achieved
remarkable extent and frequency of response, and early on, we exam-
ined whether cocktails of MoAbs (eg, CD10, CD20, PCA-1) could
purge MM cells from autografts ex vivo before autologous BM trans-
plantation.7 Although effective at purging two to three logs of MM
cells, impact on overall outcome was unaffected, likely because of
residual systemic tumor burden. T cell (CD6) –directed MoAb was
used to purge T cells from allogeneic BM grafts to abrogate graft-
versus-host disease.8 However, the transplant-related mortality of al-
lotransplantation in MM remains unacceptably high to the present,
and we continue to carry out studies to identify targets of allogeneic
graft-versus-myeloma effect9 and clinical protocols of nonmyeloabla-
tive allografting to exploit graft-versus-myeloma effect while avoiding
attendant toxicity. Over many years, we have continued to carry out
preclinical and clinical studies of MoAbs targeting MM cells, tumor-
host interactions, and cytokines as well as evaluated MoAb-based
immunotoxin therapies1,10,11 (Fig 1). For example, we identified CS-1
to be highly and uniformly expressed at the gene and protein levels in
patient MM cells and then showed that targeting this antigen with
elotuzumab was effective in preclinical models of MM in the BM
milieu both in vitro and in vivo.13 These promising data in turn led
to a clinical trial of elotuzumab, which achieved stable disease in
relapsed refractory MM but did not induce responses sufficient to
warrant new drug development. Importantly, our preclinical stud-
ies showed that lenalidomide enhanced antibody-dependent cellu-
lar cytotoxicity triggered by elotuzumab,13 providing the rationale
for a combination clinical trial with promising results. This
bedside-to-bench-and-back iterative process illustrates our trans-

lational focus. An example of an immunotoxin clinical trial is that
of CD138 linked to maytansonoid toxin DM, which is currently
ongoing based on our promising data both in vitro and in xeno-
graft models of human MM in mice.14

Our more recent focus in immune therapies has been on the
development of vaccines. Vasair et al15 have shown in murine MM
and Rosenblatt et al16 in human MM that vaccination with fusions of
dendritic cells (DCs) with tumor cells allows for generation of T- and
B-cell tumor–specific responses in vitro and in vivo preclinical
models; derived recent clinical trials of MM-DC vaccinations to treat
minimal residual disease posttransplantation are triggering host
antitumor T-cell and humoral responses associated with high rates
of complete response. An alternative strategy is the use of cocktails
of peptides for vaccination. Specifically, we have shown that CS-1,
XBP-1, and CD138 are functionally significant targets in MM
cells and derived peptides from these antigens, which can be pre-
sented and trigger cytotoxic T lymphocyte responses in human
leukocyte antigen A2–positive patients.17 Ongoing clinical trials
are evaluating vaccination with cocktails of these peptides in pa-
tients most likely to respond, with the goal of triggering immune
responses with clinical significance.

We have also characterized the underlying immunodeficiency
in patients with MM to design strategies to overcome it.18 Our
studies have demonstrated decreased help, increased suppression,
pro-MM growth cytokines, and dysregulated immune-homeostasis, al-
ways with a view toward mechanism and clinical application. For
example, the demonstration of increased TH-17 cytokines pro-
moting MM cell growth set the stage for a related clinical trial of
anti–interleukin-17 MoAb in MM.18 In our studies of host acces-
sory cells, we have shown that plasmacytoid DCs (pDCs) in pa-
tients with MM do not induce immune effector cells, as do normal
pDCs, but instead promote tumor growth, survival, and drug
resistance.19 In preclinical studies, maturation of pDCs with CpG
oligonucleotides both restores immune stimulatory function of
pDCs and abrogates their tumor-promoting activity, setting the
stage for a derived clinical trial.
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Complement-
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C1q
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Fig 1. Monoclonal antibody therapeutic targeting of multiple myeloma (MM).
Monoclonal antibodies evaluated in clinical trials mediate antibody-dependent
cellular cytotoxicity (ADCC) or complement mediated cytotoxicity (CDC) as
well as directly target growth or apoptotic signaling pathways. IL, interleukin.
Data adapted.12
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THERAPIES TARGETING THE TUMOR IN ITS
MICROENVIRONMENT

From the 1990s to the present, we have developed in vitro and in vivo
models to define the role of MM-BM interactions in pathogenesis,
identify novel targets, and validate novel targeted therapies. We have
then gone on to translate multiple single and combination agents
targeting the tumor and microenvironment from bench to bedside in
clinical trials. We have also used oncogenomics to characterize patho-
genesis, identify novel targets, predict response, and inform design of
single-agent and combination clinical trials.

Specifically, we have developed models of MM in the BM mi-
croenvironment that have been useful in defining the role of tumor
cell–BM accessory cell contact as well as cytokines in the BM milieu in
conferring growth, survival, and drug resistance in MM1,20,21 (Fig 2).
Importantly, these models have allowed for the identification of agents
that can overcome cell adhesion–mediated drug resistance to conven-
tional therapies. The proteasome inhibitor bortezomib, for example,
triggers MM cell cytotoxicity in the BM, whereas antitumor activity of
dexamethasone is completely attenuated.22 Both at gene transcript
and proteasome activity levels, the ubiquitin proteasome cascade is
upregulated by MM-BM binding, perhaps contributing to its en-
hanced activity in this context.23 Bortezomib directly targets chymot-
ryptic proteasome activity, inhibits growth and survival, induces
apoptosis, upregulates heat shock proteins, inhibits DNA damage
repair, and induces endoplasmic reticulum stress in MM cells; down-
regulates adhesion molecules on tumor and BM, thereby abrogating
adhesion; and, importantly, targets the microenvironment to trigger
antiangiogenesis as well as apoptosis of osteoclasts while promoting
osteoblast differentiation.22,24-28 It was rapidly translated from the
bench to the bedside and received accelerated US Food and Drug
Administration approval in 2003 for treatment of relapsed refractory

MM, followed by approval for relapsed MM and as initial therapy
based on its superiority in randomized phase III clinical trials.29-31

Most recently, promising data supporting bortezomib as consolida-
tion and maintenance therapy have been emerging.

However, not all MMs respond to bortezomib, and some tumors
ultimately develop resistance. From the outset, we have therefore tried
to identify gene signatures of response versus resistance to bortezomib
in MM32 as well as develop functional assays to better predict patients
whose cancers are most likely to respond. For example, we developed
a predictive model in which tumors like MM with high proteasome
load and low proteasome capacity have high proteasome stress and are
therefore susceptible to proteasome inhibition, whereas solid tumors
with high proteasome capacity and low proteasome load are relatively
resistant to proteasome inhibitors.33 Importantly, bortezomib has
opened a whole new area of preclinical and clinical experimentation in
cancer targeting the ubiquitin proteasome cascade upstream of the
proteasome with deubiquitinating inhibitors, selectively or more
broadly targeting proteasome activity, and targeting the immunopro-
teasome (Fig 3). For example, our preclinical studies show that inhib-
itors of deubiquitinating enzymes upstream of the proteasome, such
as USP-7 inhibitor P5091, inhibit human MM cell growth, and
prolong host survival in a murine xenograft model. Carfilzomib, a
next-generation, more potent intravenous inhibitor of chymotryptic
activity, can overcome bortezomib resistance in preclinical and early
clinical trials. Oral proteasome inhibitors targeting chymotryptic ac-
tivity that have translated from the bench to bedside in phase I clinical
trials include Onyx 0912, which triggers cytotoxicity against MM
cell lines and patient cells, and MLN2238/9708, which has shown
more potent preclinical activity against MM cells in vivo than
bortezomib.34-39 NPI-0052 targets chymotryptic, tryptic-like, and
caspase-like activities and similarly shows clinical promise.38 Finally,
inhibitors of the immunoproteasome, such as the PR-924 inhibitor of
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the LMP-7 immunoproteasome subunit, also block MM growth in
vitro and in vivo.40

Since the empiric observation that thalidomide had anti-MM
activity in 1998, we have studied the IMiDs thalidomide, lenalido-
mide, and pomalidamide in our models of MM in the BM mi-
croenvironment. These agents directly trigger caspase 8 –mediated
apoptosis; decrease binding of tumor cells to BM; inhibit constitutive
and MM cell binding–induced secretion of cytokines from BM; in-
hibit angiogenesis; and stimulate autologous natural killer, T, and
natural killer–T cell immunity to MM cells.41-43 Like bortezomib,
lenalidomide was rapidly translated from the bench to the bedside.
Our preclinical studies demonstrated increased responses when lena-
lidomide (which triggers caspase 8–mediated apoptosis) was com-
bined with dexamethasone (which induces caspase 9–mediated
apoptosis), and our phase I and II clinical trials both established the
maximum-tolerated dose and confirmed the enhanced clinical effi-
cacy of combined lenalidomide with dexamethasone, informing the
design of phase III clinical trials leading to its US Food and Drug
Administration/European Medicines Agency approval to treat re-
lapsed MM.29,30,44-48 Trials of lenalidomide as initial therapy in both
transplantation candidate and elderly populations, as well as consoli-
dation and maintenance therapy, are promising.49,50 For example,
maintenance lenalidomide has been shown to add years of
progression-free survival in both newly diagnosed transplantation and
nontransplantation candidates, further improving patient outcome.
More recently, we and others have shown that the second-generation
IMiD pomalidamide achieves remarkable and durable responses, with
a favorable adverse effect profile, even in the setting of MM resistant to
lenalidomide and bortezomib.51,52

THERAPIES TARGETING ACCESSORY CELLS WITH
ANTI-MM ACTIVITY

Bortezomib and lenalidomide are examples of targeting the tumor
and also affecting the microenvironment, because both positively

affect bone disease in MM.28,53 Conversely, we have also had a long-
term interest in targeting the MM BM microenvironment, with the
goal of also triggering MM responses (Fig 4). For example, MM cells
secrete DKK-1, which downregulates osteoblast function via targeting
Wnt signaling. In our preclinical murine xenograft models of human
MM, the neutralizing anti–DKK-1 BHQ880 MoAb not only triggers
new bone formation but also inhibits MM cell growth,55 and a derived
clinical trial of BHQ880 MoAb is ongoing. We have also shown that
B-cell activating factor is elevated in the BM plasma of patients with
MM and mediates osteoclastogenesis as well as tumor cell survival and
drug resistance; importantly, anti–B-cell activating factor MoAb can
neutralize these effects,56 and a related clinical trial is ongoing. Most
recently, targeting BTK in our preclinical models has not only blocked
osteoclast formation and growth, thereby maintaining bone integrity,
but also inhibited MM cell growth. These studies illustrate the princi-
ple that targeting cytokines or accessory cells in the tumor microenvi-
ronment can also affect MM cell growth, further validating the utility
of our in vitro and in vivo model systems.

PRECLINICAL STUDIES TO INFORM COMBINATION
TARGETED THERAPIES

We have also used functional oncogenomics to inform the design of
novel combination therapies. For example, bortezomib was shown to
inhibit DNA damage repair in vitro,26 providing the rationale for its
combination with DNA damaging agents to enhance or overcome
drug resistance. Indeed, a large randomized phase III clinical trial of
bortezomib versus bortezomib with pegylated doxorubicin showed
prolonged progression-free and overall survival as well as increased
extent and frequency of response,57 leading to the US Food and Drug
Administration approval of bortezomib with pegylated doxorubicin
to treat relapsed MM. In a second example, we found heat shock
protein 27 (Hsp 27) to be increased at transcript and protein levels in
patient MM cells in the setting of bortezomib refractoriness. Our
bedside-back-to-bench studies showed that overexpression of Hsp 27
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conferred bortezomib resistance, whereas knockdown of Hsp 27 in
bortezomib-resistant MM cells restored sensitivity.58 Hideshima et
al59 then showed that p38 mitogen-activated protein kinase inhibitor
decreased downstream Hsp 27 and thereby overcame bortezomib
resistance in MM cell lines and patient cells, providing the rationale for
a clinical trial of bortezomib and p38 mitogen-activated protein kinase
inhibitor. Third, on the basis of hallmark cyclin D abnormalities in
MM, Raje et al60,61 have studied cyclin D kinase inhibitors, alone and
in combination, in MM. Fourth, Ghobrial et al62 have translated
promising preclinical data of mammalian target of rapamycin inhibi-
tor and bortezomib into derived clinical trials. Fifth, we showed that
bortezomib triggers activation of Akt and that bortezomib with Akt
inhibitor perifosine can sensitize or overcome resistance to bort-
ezomib in preclinical models.63 Our derived phase I and II trials of
combination therapy showed durable responses even in the setting of
bortezomib resistance, and a phase III clinical trial of bortezomib
versus bortezomib with perifosine in relapsed MM is ongoing for US
Food and Drug Administration approval. Sixth, we believe that pro-
tein homeostasis represents one of the most attractive novel therapeu-
tic targets in MM (Fig 5). Specifically, we have shown that inhibition of
the proteasome upregulates aggresomal degradation of protein and,
conversely, that blockade of aggresomal degradation induces com-
pensatory upregulation of proteasomal activity.66 Most importantly,
blockade of aggresomal and proteasomal degradation of proteins by
histone deacetylase (HDAC) inhibitors (eg, vorinostat, panibinostat,
tubacin) and proteasome inhibitors (eg, bortezomib, carfilzomib),
respectively, triggers synergistic MM cell cytotoxicity in preclinical
studies.64,66,67 We are leading international phase I and II clinical trials
combining HDAC inhibitors vorinostat or panibinostat with bort-
ezomib, which have achieved responses in the majority of patients
with relapsed bortezomib-refractory MM, as well as phase III clinical

trials for US Food and Drug Administration registration of these
combinations. Excitingly, an HDAC 6 selective inhibitor causes acet-
ylation of tubulin and more potently and selectively blocks aggresomal
protein degradation; it mediates synergistic MM cytotoxicity when
combined with bortezomib. This combination has been rapidly trans-
lated from our laboratory to the bedside, and clinical trials have been
directed to achieve clinical efficacy without the adverse effect profile of
fatigue, diarrhea, thrombocytopenia, and cardiac abnormalities atten-
dant to the broader types 1 and 2 HDAC inhibitors.

To date, the most exciting combination from our preclinical
studies is derived from the synergistic cytotoxicity induced by com-
bined lenalidomide (caspase 8–mediated apoptosis) and bortezomib
(caspase 9–mediated apoptosis) in models of MM cells in the BM
milieu.68 Richardson et al69 led efforts to translate these findings into
clinical trials in advanced MM, which showed that lenalidomide,
bortezomib, and dexamethasone achieved 58% responses in re-
lapsed refractory MM, often refractory to either agent alone. Most
importantly, our center has shown that lenalidomide, bortezomib,
and dexamethasone combination therapy for newly diagnosed
MM achieves 100% responses, with 74% at least very good partial
and 52% complete or near-complete responses.46 Given these un-
precedented results, a clinical trial is now evaluating whether high-
dose therapy and stem-cell transplantation adds value in the
context of this high extent and frequency of response to combined
novel therapies. Therefore, the integration of combination novel-
agent therapy, predicated on scientific rationale, is transforming
the treatment paradigm in MM. Going forward, on the basis of
these exciting results, we are now carrying out high-throughput
drug screening to identify novel agents active against MM cells
bound to BM stromal cells reflective of their microenvironment.
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ONCOGENOMIC STUDIES

From the 1990s to the present, we have used oncogenomics to char-
acterize MM pathogenesis, identify novel targets, predict response,
and inform the design of single-agent and combination clinical trials.
Our earliest studies profiled transcriptional changes occurring with
transition from normal plasma cells to monoclonal gammopathy of
undetermined significance to MM as well as identified gene and pro-
tein changes distinguishing patient MM cells from normal plasma
cells in a syngeneic twin.70 We have repeatedly used transcript profil-
ing to identify signatures of response, initially with bortezomib and
subsequently with multiple other single and combination therapies,32

and most recently shown that microRNA profiling can also identify
prognostic subgroups. Our DNA-based array comparative genomic
hybridization studies have identified copy number alterations (CNAs)
and suggested novel MM oncogenes or suppressor genes; once vali-
dated using knock-in and knockdown experiments in our models of
MM cells in the BM milieu, these may serve as potential therapeutic
targets71 (Fig 6).

Single nucleotide polymorphism array has also identified CNAs
and allowed for the development of novel prognostic models.72 For
example, recent single nucleotide polymorphism analyses of clinically
annotated samples have identified CNAs, including increased 1q and
5q as sites for putative MM oncogenes as well as decreased 12p as a site
of putative MM suppressor genes, to predict for clinical outcome.72

Most importantly, as one of the founding centers of the Multiple
Myeloma Research Consortium, we have participated in MM genome
sequencing studies that have revealed mutated genes involved in pro-
tein homeostasis, nuclear factor �B signaling, IRF4 and Blimp-1, and
histone methylating enzymes, all consistent with MM biology.73 These
studies have also identified unexpected mutations, such as those in
BRAF observed in melanoma, which may have short-term clinical
application. Finally, our early studies now show continued evolution
of genetic changes with progressive MM, strongly supporting the view

that personalized medicine in MM must include profiling patient
tumor cells not only at diagnosis but also at time of relapse.

FUTURE DIRECTIONS AND CONCLUSIONS

Our ongoing efforts include the development of immune (vaccine and
adoptive immunotherapy) strategies, development of novel agents
targeting the MM cell in the BM microenvironment, development of
rationally based multiagent combination therapies, and use of
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genomics to improve both patient classification and allow for person-
alized medicine in MM. With this continued rapid evolution of prog-
ress, MM will be a chronic illness with sustained complete responses in
a significant fraction of patients.

In closing, I want to gratefully acknowledge the laboratory and
clinical researchers at our center and throughout the world with
whom I have had the privilege to work over many years. Not only have
we together had an impact on the natural history of MM, but the next
generation of leaders in MM research is now in place to expedite
progress even further. We not only share academic interests in MM
but also treasure longstanding personal friendships. I am deeply grate-
ful to the many funding organizations and individuals supporting our
efforts over many years. None of this would have been possible with-
out the loving support of my family. And most importantly, I have
been honored to care for many extraordinary patients, who are truly
my heroes and will always be the inspiration for all that we do.
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Caring for the Whole Patient: The Science of
Psychosocial Care
Paul B. Jacobsen, Moffitt Cancer Center and Research Institute, Tampa, FL
Jimmie C. Holland, Memorial Sloan-Kettering Cancer Center, New York, NY
David P. Steensma, Dana-Farber Cancer Institute, Boston, MA

This Journal of Clinical Oncology Special Series relates to the
science of psychosocial care. This series is designed to provide oncol-
ogy professionals with the most recent information about the psycho-
logical, psychiatric, and social aspects of cancer care. The emergence of
the field of psychosocial care reflects growing public and professional
awareness of the potential for cancer and its treatment to have pro-
found effects on many aspects of life. A principal goal of psychosocial
care is to recognize and address the effects that cancer and its treatment
have on the mental status and emotional well-being of patients, their
family members, and their professional caregivers. In addition to
improving emotional well-being and mental health,1 provision of
psychosocial care has been shown to yield better management of
common disease-related symptoms and adverse effects of treatment,
such as pain2 and fatigue.3

Given the centrality of psychosocial issues in cancer, it is surpris-
ing that the formal history of this field in the United States dates only to
the 1970s.4 This relatively late development becomes more under-
standable when one realizes that only then had the stigma attached to
cancer diminished to the extent that most patients were told their
diagnosis, thus making it possible to openly study psychosocial issues.4

A second factor contributing to the field’s late development is the
stigma attached to mental illness and psychological problems, even in
the context of medical illness.4 During the last 40 years, a subspecialty
devoted to cancer-related psychosocial care (ie, psycho-oncology) has
become firmly established, with its own journals, scientific meetings,
and professional societies.

Psychosocial care in oncology received increased attention after
the publication in 2008 of an Institute of Medicine (IOM) report
entitled, “Cancer Care for the Whole Patient: Meeting Psychosocial
Health Needs.”5 This report reflects the work of a multidisciplinary
panel that sought to evaluate how best to translate research findings
about psychosocial care into practical applications for the purpose of
improving the quality of cancer care. The panel found evidence for the
effectiveness of an array of formal psychosocial services including
counseling and psychotherapy, pharmacologic management of men-
tal symptoms, illness self-management and self-care programs, family
and caregiver education, and health promotion interventions. The
panel also found that, despite this evidence, many individuals who
could benefit from these services do not receive them.

The editors of this JCO Special Series on psychosocial care have
chosen a number of topics that illustrate recent advances in this im-

portant area. The remainder of this overview will place these topics into
clinical context, and the reader is encouraged to refer to the individual
articles contained in this Special Series for additional details.

Jacobsen and Wagner6 describe three important developments
in recent years that have the potential to greatly increase the numbers
of patients who receive needed psychosocial care. One development
has been the formulation of standards of cancer care by the IOM panel
and a number of professional organizations and accrediting bodies
that include the psychosocial component of care.7-9 A second devel-
opment has been the issuance of clinical practice guidelines by the
National Comprehensive Cancer Network (NCCN) and other orga-
nizations that include specific recommendations for the psychosocial
care of patients with cancer.10-12 A third development has been the
formulation and implementation of measurable indicators of the
quality of psychosocial care in oncology settings, including those used
as part of the American Society of Clinical Oncology’s Quality Oncol-
ogy Practice Initiative.13

NCCN was among the first organizations to propose guidelines
related to psychosocial care. These guidelines, first issued in 1999,
focus on the recognition and management of distress in patients with
cancer.12 As noted by Carlson et al,14 the rationale for focusing on
distress, even though it is not a precise clinical term, is that it is easily
understood by the lay person and does not carry the stigma that is
often associated with more formal psychiatric terminology. The au-
thors identify a number of brief self-report measures of distress and
unmet needs that can be used in combination to identify distressed
patients as well as possible sources of distress in these patients that can
be targeted for intervention.14 Although NCCN guidelines recom-
mend routine screening for distress,12 there has been limited research
that evaluates whether implementation of distress screening programs
leads to better outcomes. Evidence to date suggests that screening can
improve communication between patients and clinicians and increase
psychosocial referrals but is inconclusive with respect to the effects on
quality of life and other patient-reported outcomes.14

Fann et al15 describe a different approach to the delivery of
integrated psychosocial care that is based on the collaborative care
model of depression that is found to be effective in primary care
settings.16 Key elements of this approach include implementation of
depression screening to identify patients with depression, use of
evidence-based protocols for treatment of depression, structured col-
laborations between primary medical providers and mental health
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specialists, and active monitoring of adherence to depression treat-
ment and outcomes.17 Several randomized trials have now demon-
strated that this approach is both feasible and effective for treating
depression in patients with cancer.18,19 Building on this evidence, the
authors identify several ways in which the collaborative care model
could be adapted to address other important psychosocial issues in
oncology settings, such as health promotion.15

The availability of a sound evidence base is central to efforts to
develop integrated models of psychosocial care delivery. As reviewed
by Li et al,20 research on the pharmacologic management of depres-
sion in patients with cancer is limited; consequently, treatment guide-
lines must be derived in part from research in psychiatric and
nononcology medical populations. Investigators have conducted con-
siderably more research on the use of psychosocial interventions in the
management of depression in patients with cancer. Taken together,
findings in this area suggest that a multicomponent approach is likely
to be most effective, with psychosocial interventions being tailored
to the severity of depression and the stage of disease, and combined
with pharmacotherapy for more severe forms of depression.20 The
review by Traeger et al21 yields similar conclusions with respect to
the management of anxiety in patients with cancer. Delirium is
another example of a psychosocial issue for which an integrated
care delivery model requires a sound research base. As reviewed by
Breitbart and Alici,22 there have been an increasing number of
delirium treatment studies as well as prevention studies published
in recent years. The evidence most clearly supports the short-term,
low-dose use of antipsychotic medications for control of delirium
symptoms.22 There is also evidence for the benefits of assessing and
modifying key clinical factors that can precipitate delirium (eg,
pain, sleep disturbance, and poor nutrition).22

Stimulated in part by a 2006 IOM report that identified im-
portant gaps in the care of cancer survivors,23 the period after the
completion of cancer treatment is now a major focus of psychoso-
cial care. This development is consistent with the IOM report’s
view that the essential components of survivorship care include
intervention for the consequences of cancer treatment.23 Among
the longer-term consequences of cancer diagnosis and treatment
that were identified in the IOM report are several that can be
addressed through psychosocial care (eg, emotional distress, sexual
dysfunction, and employment and insurance concerns).23 Stan-
ton24 highlights the importance of providing psychosocial care
during the re-entry phase of cancer survivorship—that is, in the
several months immediately after treatment completion. Patients’
psychosocial concerns are likely to be heightened during this pe-
riod because of perceptions that they have lost the safety net of
active treatment and because of challenges faced in resuming or
altering former occupational and social roles.24

Adolescents and young adults experience a separate set of chal-
lenges as a result of the disruptive impact that cancer and its treatment
can have on normal developmental transitions in this age group.
Zebrack and Isaacson25 identify several ways in which psychosocial
care during and after cancer treatment needs to be tailored to the
unique needs of the adolescent and young adult population.

As noted previously, the scope of psychosocial care extends be-
yond the patient to encompass family members and professional
caregivers. Among family members, addressing the psychosocial
needs of those who participate in the patient’s care is particularly
important. With cancer treatment moving increasingly into the out-

patient setting, family members are being asked to take on greater
responsibilities for patient care. Northouse et al26 review evidence that
indicates that the stress of caregiving can have a strong negative impact
on the health and well-being of the family caregiver. These reactions,
in turn, can have a negative impact on the caregiver’s ability to provide
needed care and on the ill family member’s health and well-being.
Conversely, psychosocial intervention research indicates that when
the caregiver/patient dyad is treated as the unit of care, important
synergies are achieved that contribute to the well-being of both.26 The
current challenge, as outlined by the authors, is to incorporate this
intervention approach into routine clinical practice. Among the bar-
riers that need to be addressed are the lack of professional awareness of
caregivers’ needs, the lack of professional training in how to intervene
with caregivers, and concerns that caregiver interventions are too
costly to implement.26

Caring for patients with cancer can also exact a psychological toll
on oncologists. One of the most common manifestations of distress in
professional caregivers is burnout, a syndrome that is characterized by
a loss of enthusiasm for work, cynicism, and a low sense of personal
accomplishment.27 Shanafelt and Dyrbye28 cite evidence that suggests
that 25% to 38% of oncologists are experiencing burnout at any given
point in time. Among the many possible causes of burnout, high
workload, inefficiency, loss of autonomy, and lack of meaning in work
are central factors.28 Additional factors that are relevant to the practice
of oncology include being faced with making life and death decisions
on a frequent basis, administering highly toxic therapies with narrow
therapeutic windows, having limited ability to prolong life in many
patients, and needing to keep up with the rapid pace of scientific and
treatment advances.29,30 Systematic research into ways to prevent
burnout among physicians is still in an early stage of development.
Preliminary evidence suggests that a mix of organizational strategies
that address workplace issues and personal strategies that promote
wellness and enhance the meaning derived from professional activities
merit additional evaluation.

Receiving training in communication skills may be another
means for oncologists to improve their professional lives. Beyond its
potential role in reducing work-related stress, communicating well
with patients has been linked to greater satisfaction and reduced anx-
iety among patients, better patient health outcomes, and fewer mal-
practice claims.31 Kissane et al32 review evidence that demonstrates
that providing oncology clinicians with formal training in skills for
communicating with patients has a strong positive impact on their
communication behaviors. On the basis of the evidence, they argue
that communication skills training should be a standard part of on-
cology training programs, and they outline a core curriculum that
cover topics such as how to discuss prognosis at each illness phase and
how to promote shared decision making in the selection of antican-
cer treatments.

The 11 articles in this Special Series demonstrate the depth and
breadth of the science that underlies the psychosocial care of people
who are affected by cancer. Although important gaps in research still
exist, work in this area has evolved to the extent that evidence-based
recommendations can be formulated for many frequently encoun-
tered psychosocial issues. A common theme in many of the articles,
however, is the continuing need to translate research findings into
clinical practice, given that psychosocial care still does not reach many
who could benefit from it. The growing trend for psychosocial care to
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be included in standards for quality cancer care represents an impor-
tant step toward its greater availability and routine use. Our hope is
that this Special Series will also contribute to this goal by promoting
greater knowledge and understanding of psychosocial care among
oncology professionals.
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Increasing national attention focuses on the specialized needs of
disease-free survivors of cancer.1-5 This is a direct reflection of the
growing number of survivors of cancer in the US, currently estimated
at almost 12 million,6 and the many challenges of delivering optimal
health care to these individuals. The health system will be further
stressed by the aging of the US population during the next 25 years and
the corresponding increase in long-term survivors. Most cancers are
diagnosed in older adults who have preexisting comorbid conditions
that are exacerbated by cancer treatment. The convergence of pre-
existing and new chronic conditions in older survivors of cancer is a
major challenge for health care policy and delivery. To meet this
challenge, we must develop a model of care delivery to maximize the
health and well-being of survivors of cancer, focusing on effective
symptom management, prevention of late effects, and health promo-
tion. It is time to revitalize the link between cancer survivorship and
cancer rehabilitation and investigate a new model of comprehensive
cancer rehabilitation, involving a multidisciplinary team of providers
that aims to optimize the patient’s physical, psychologic, vocational,
and social functioning given the limits imposed by the chronic or late
effects of cancer treatment and other comorbid conditions.

History of Cancer Rehabilitation in the United States

The National Cancer Act of 1971 launched an ambitious national
research program to improve cancer diagnosis, treatment, and care
delivery. It funded clinical cancer research centers and demonstration
projects in the late 1970s to assess rehabilitation needs and implement
and evaluate interventions to address these needs.7-11 By the early
1980s, several well-established programs throughout the country pro-
vided rehabilitation services to patients with cancer.9 These services
were largely hospital-based, integrated with other rehabilitation ser-
vices or oncology departments, and involved a multidisciplinary team
of providers.9

What happened during the past 30 years to change this situa-
tion? In the 1980s, most cancer treatment occurred in tertiary,
large-volume, specialized centers.12 A combination of treatment
advances, earlier detection, less radical surgery, use of combined-
modality therapy, and prolonged outpatient adjuvant endocrine
therapy reduced the length of hospital inpatient care; now the vast

majority of oncology care occurs in practices that are physician-
owned rather than hospital-based.13

The surgical management of breast cancer is illustrative. By the
1980s, the radical mastectomy was no longer being performed, thus
reducing its related serious arm and shoulder morbidity. By the 1990s,
breast conserving surgery was established as the preferred surgical
treatment.14 Increased diagnosis of small tumors detected by mam-
mography led to even shorter breast surgery hospitalizations and
limited or no axillary dissections, moving primary breast surgery to
the outpatient arena. Thus, the extensive need for postmastectomy
rehabilitation diminished, the opportunity for hospital-based re-
habilitation was limited, and systematic delivery of postoperative
rehabilitation virtually disappeared. Most women today do not
receive the physical15,16 and psychosocial3 services that were so
integral to those earlier rehabilitation programs. When cancer
rehabilitation services are prescribed today, they tend to have a
one-dimensional focus rather than comprehensive assessment and
treatment of needs. For example, in a study of services offered by
National Cancer Institute – designated comprehensive cancer cen-
ters, 70% of centers had a lymphedema management program, but
no comprehensive cancer rehabilitation programs were re-
ported.17 In the � 30 years of experience of the authors (P.G. and
J.R.), similar patterns have occurred for other common cancers
(lung, colorectal, bladder, head and neck, and gynecologic).

Changing Patterns of Cancer Care Delivery

Changes in US cancer care delivery toward a community-based
delivery system have exacerbated the disconnect between cancer sur-
vivorship and cancer rehabilitation.13 With less complex surgical
treatments and prolonged adjuvant chemotherapy, traveling long dis-
tances to a tertiary center became undesirable, and community cancer
centers were established. Community standards for cancer care were
established and fostered by the American College of Surgeons and its
hospital certification programs.18 The National Cancer Institute con-
tributed to the decentralization of cancer care by enabling the widen-
ing group of community practitioners to offer their patients access to
clinical trials through its Community Clinical Oncology Program.19,20
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Despite delivering high-quality cancer care in the community,
the dissemination of cancer rehabilitation services into this setting has
been limited. Poor integration of these services into current tertiary
center treatment programs, where trainees lack exposure to rehabili-
tation services and appreciation of their added value, limits uptake and
provision of these services when these oncologists ultimately join
community practices or hospitals. Fragmentation of cancer care in the
community setting further exacerbates this problem. Although the
hospital is a focal point for surgery and radiation, most medical on-
cology care is delivered in private office settings, and there is no
common electronic medical record allowing all providers caring for
the patient to communicate about the patient’s needs. Finally, as
discussed by others, cancer care and rehabilitation care are discon-
nected even in some institutions that have both services,15,21,22 and
many community settings lack rehabilitation care altogether.

Financing of Health Care and Rehabilitation Services

Despite the potential benefits of outpatient cancer rehabilitation
services, accessing this care entails navigating multiple barriers. The
diversity of health insurance coverage with its broad mix of payers
and numerous plan types has complicated authorization and reim-
bursement. Most rehabilitation services are fully or partially covered
through the majority of insurance plans. For example, Medicare offers
coverage for rehabilitation services such as physical and occupational
therapy in the community outpatient setting. However, the limited
coverage schedule, funding caps, and strict guidelines for continuation
of therapy may mean that some survivors of cancer cannot receive their
recommended therapy. Private health insurers are mandated to cover
physical and occupational therapy services in some states,23 but coverage
fortheseservicescanvarywidelyandhavesubstantialcopaysthatdiscour-
age the financially stressed survivor of cancer. Finally, accessing rehabili-
tation services is dependent on referral and the ability of providers and
administrative staff to understand and work with health insurance plans
to obtain services. Providers must be able to ensure timely preauthoriza-
tions and prescriptions for continuation of services, locate high-quality
in-network providers, understand referral processes, and assist patients in
makingsenseofcomplexbenefitschedules.Atpresent, theexistingpatch-
work of state and federal mandates, complex benefits schedules, and
variable patient cost sharing among health insurance plans may be con-
tributing to the underuse of cancer rehabilitation services.

Needs of Survivors of Cancer Today

The multidisciplinary team approach central to comprehensive
cancer rehabilitation is ideal for meeting the needs of survivors of
cancer. First, it assesses and treats the chronic effects of cancer and
prevents or mitigates the effects of late-occurring sequelae. Depending
on the specific treatment exposures, survivors of cancer can face nu-
merous adverse consequences of cancer treatment, many of which are
amenable to rehabilitation interventions. These include fatigue, de-
pression, anxiety, fear of recurrence, cognitive dysfunction, pain syn-
dromes, peripheral neuropathy, sexual dysfunction, balance and gait
problems, upper or lower quadrant mobility issues, lymphedema,
bladder and bowel problems, stoma care, problems with swallowing
or dysphagia, and communication difficulty.24 Although other mod-
els of care assess and treat these problems, the team in the comprehen-
sive rehabilitation model evaluates the sum total of problems that a
survivor faces and coordinates treatment. Second, comprehensive
cancer rehabilitation can address pre-existing or treatment-related

comorbid conditions. Diabetes, cardiovascular disease, congestive
heart failure, bone loss, adverse body composition, and renal disease
are common in survivors of cancer1 and can be managed through reha-
bilitation interventions including medication, counseling, behavior
change and promotion of healthy diets, physical activity, and weight con-
trol.24 Third, self-management skills and health promotion interventions
provided in the context of comprehensive cancer rehabilitation also have
the potential to decrease the risk of additional late effects—for
example, the cardiac, pulmonary, endocrine, or bone complications of
cancer treatment24 and may even reduce the risk of second
malignancies.25-31 A final benefit is the joint focus on optimizing func-
tional status and quality of life, preserving the ability to remain in the
workforce32 and other life roles, and maximizing health and longevity.

A Call to Build a Better Model of Cancer

Rehabilitation: Can We Make It Work for Survivors?

The crisis in cancer care presents a challenge and an opportunity.
We must identify a new model of survivorship care that is responsive
to the needs of the growing number of survivors of cancer and can be
effectively delivered within the evolving health care system. We sug-
gest that a coordinated, comprehensive cancer rehabilitation model
provides many conceptual advantages including treating chronic and
late effects of cancer, managing comorbid conditions, and focusing on
prevention. Varied forms of this approach are used in several Nordic
and European countries,33 whereas Italy34 and the United Kingdom35

are currently studying or piloting programs. However, despite the
international support for a comprehensive approach, long-term effec-
tiveness data on this model are lacking.33

In addition to considering these programs from other countries,
our efforts to build a better model of comprehensive cancer rehabili-
tation can be informed by several existing US rehabilitation models.
One possibility is to adapt the existing cardiopulmonary rehabilitation
model consisting of exercise training and other services as needed,
usually coordinated by an exercise specialist, as has been suggested by
Schmitz.36 Alternatively, we could adapt the current model of rehabil-
itation from trauma (eg, spinal cord injury, traumatic brain injury)
involving a broader network of multidisciplinary providers and coor-
dinated by a physiatrist. Either of these models would have to be
adapted to the needs of survivors of cancer and responsive to survivors
with extensive as well as minor rehabilitation needs.

A new comprehensive model needs to be tested against current,
fragmented models of cancer rehabilitation services or other hybrid
rehabilitation models. Comparative effectiveness studies can test
whether a comprehensive cancer rehabilitation program yields im-
provements in patient, health care system, and cost outcomes. Once
an appropriate model of care is identified, risk stratification models
will be needed to determine how to identify and effectively refer
survivors for rehabilitation services and then how to transition them
back to primary care. Implementation research is needed to identify
how to best deliver this model of care—for example, rehabilitation
could be prescribed as part of survivorship care plans being imple-
mented currently across the country and potentially mandated by the
American College of Surgeons for hospital certification in the future. A
renewed effort is required to demonstrate the benefit of rehabilitation
services by using randomized trials as a step toward incorporating
these services into the standard of care. Implementing cancer rehabil-
itation on a broad scale will require training more cancer rehabilita-
tion providers and educating oncology and primary care providers
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about the benefits of these services, including how to identify and refer
survivors for this care. Building and implementing a better model of
comprehensive cancer rehabilitation will require a coordinated strate-
gic effort of research and policy change. With a sustained integrated
approach, we have the potential to significantly enhance the quality
and length of survival for current and future survivors of cancer.
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