Verschoor et al. Clin Sarcoma Res (2020) 10:18

tost /ot ora/10.1186/413569.020-00137-5 Clinical Sarcoma Research

RESEARCH Open Access

. o . ")
Survival of soft tissue sarcoma patients i

after completing six cycles of first-line
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Abstract

Background: Doxorubicin based chemotherapy is standard first line treatment for patients with soft tissue sarcoma.
Currently several options to improve survival after doxorubicin based chemotherapy are being studied. This study
reports on survival after completing 6 cycles of doxorubicin containing first line treatment, which is important when
designing studies trying to improve outcomes of first line treatment.

Methods: A retrospective database analysis was performed on 2045 patients from 12 EORTC sarcoma trials (inclusion
period 1980-2012) receiving first line doxorubicin based chemotherapy for advanced soft tissue sarcoma in order to
establish progression free survival and overall survival after completing 6 cycles of first line doxorubicin based chemo-
therapy. Endpoints were overall survival and progression free survival. Factors studied were histologic subtype and
type of doxorubicin chemotherapy.

Results: 748 of 2045 (36.6%) received at least 6 cycles and did not progress during or at the end of chemotherapy.
475 of 2045 (23.2%) of patients received exactly 6 cycles and did not progress during or at the end of chemotherapy.
Median progression free survival after 6 cycles of doxorubicin based chemotherapy was 4.2 months (95% confidence
interval 3.7-4.8) and median overall survival 15.7 months (14.0-17.8). Median progression free survival and overall
survival from randomisation/registration were 8.7 months (95% confidence interval 8.2-9.1) and 20.1 months (95%
confidence interval 18.3-22.3) respectively. Significant differences in progression free survival were found between
chemotherapy regimens, but not for overall survival. These data are also reported for patients receiving 7 or more
cycles of chemotherapy and for patients with 3 or more cycles of chemotherapy.

Conclusion: This large retrospective study is the first to report progression free survival and overall survival after
completion of 6 cycles of first line doxorubicin containing chemotherapy. These results are important when designing
new studies exploring for example maintenance therapy after doxorubicin based chemotherapy.
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Background

Soft tissue sarcomas (STS) are a rare group of tumours
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ties [1]. Clinical behaviour differs between the various
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histological entities [1]. Surgery is the primary treatment
for localized disease when resection is possible with the
option of adding neo-adjuvant or adjuvant radiotherapy
[2]. For patients with locally advanced and/or distant
metastatic disease the goal of treatment is to prolong
survival and treatment mainly consists of systemic treat-
ment, e.g. cytotoxic drugs and tyrosine kinase inhibitors
[2].

The current first line chemotherapy consists of anthra-
cycline based chemotherapy either as monotherapy
or combination therapy [3]. Survival remains poor for
patients presenting with incurable disease. Overall sur-
vival (OS) with doxorubicin monotherapy is approxi-
mately 12.8 months and with doxorubicin/ifosfamide
combination therapy approximately 14.3 months [3].
More recent trials report slightly better median OS for
doxorubicin monotherapy with 17.6 months (GeDDiS),
16.9 months (PICASSO III) and 19.0 months (SARC021)
[4—6]. Although the phase II results of the addition of
olaratumab to doxorubicin were promising and resulted
in a temporary approval by both the U.S. Food and Drug
Administration and the European Medical Agency, the
results of the phase III ANNOUNCE trial were nega-
tive and the registration of olaratumab was withdrawn
[7, 8]. These phase III results did not show any differ-
ence in overall survival for patients treated with the addi-
tion of olaratumab to doxorubicin compared to patients
with doxorubicin with placebo (median overall survival
20.4 months (with olaratumab) vs. 19.7 months without)
[8].

Now, other treatment strategies have to be studied to
increase the PFS and OS of STS patients including the
addition of maintenance therapy after completing six
cycles of doxorubicin. In order to assist in the design of
maintenance studies it is important to have survival data
of patients after completing six cycles of doxorubicin
containing treatment and to understand the extent of
the attrition in the number of patients available for study,
indeed the percentage who could possibly benefit from
maintenance therapy by not having progressed before
completing 6 cycles of treatment. This study reports
the OS data of study patients completing six cycles of
anthracycline or anthracycline combination therapy in
the European Organisation for Research and Treatment
of Cancer Soft Tissue and Bone Sarcoma Group trial
database.

Methods

Patients

The European Organisation for Research and Treatment
of Cancer Soft Tissue and Bone Sarcoma Group study
database contains data from 12 trials studying doxoru-
bicin alone or in combination with ifosfamide (patients
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were included in the different studies between 1980 and
2012) [3, 9-19]. All but one study, included patients with
locally advanced or metastatic STS. The study by Stew-
ard et al. only included patients with metastatic STS [12].
Patients with at least 1 cycle of treatment were consid-
ered for this study. Reasons for exclusion were previ-
ous treatment with chemotherapy either as adjuvant or
palliative treatment, patients without data on progres-
sion and death and patients diagnosed with Gastroin-
testinal Stromal Tumour (GIST). Among these patients,
we focused on patients who did not progress before the
end of treatment. End of treatment was considered to
be 21 days after the date of administration of the last
treatment (Additional file 1: Figure S1). Analysis was
done in three different subgroups: patients who received
exactly 6 cycles of doxorubicin containing chemotherapy,
patients with 7 or more cycles and patients with less than
6 cycles who stopped treatment for reasons other than
progression.

The EORTC studies 62012, 62061, 62091, 62962 and
62971 had treatment regimens including a maximum
number of 6 cycles of doxorubicin, 62941 7 cycles and
the other studies aimed for a cumulative dose of 550 mg/
m? of doxorubicin allowing for more if the ejection frac-
tion remained within certain limits.

Endpoints

Endpoints were PFS and OS after completing treatment,
because the aim of the study was to determine PFS and
OS after completion of 6 cycles of doxorubicin contain-
ing treatment in patients who did not have progressive
disease at that time point. PFS was defined as the time
between end of treatment and progression or death. OS
was defined as the time between end of treatment and
death. Also calculated were PFS from date of randomi-
sation to date of progression or death and OS from date
of randomisation to date of death. Patients progress-
ing between start of treatment and 21 days after the last
administration date were not considered for the PFS and
OS after treatment analysis, because only those patients
who do not have progression before the start of mainte-
nance treatment will qualify for maintenance treatment.
Time on treatment was calculated from date of randomi-
sation or registration and the end of treatment.

Covariates

Patients were grouped according to treatment i.e. doxo-
rubicin 75 mg/m?* monotherapy, doxorubicin 50 mg/m?
combined with ifosfamide 5 g/m? doxorubicin 75 mg/
m? combined with ifosfamide 5 g/m* and doxorubicin
75 mg/m? combined with ifosfamide 10 g/m?. The other
covariate considered in this study was histologic sub-

type. If central pathology review was available the central
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pathology diagnosis was used, if it was not present the
local pathology diagnosis was used. Only histologic sub-
types comprising more than ten percent of patients were
considered for separate analysis.

Statistics

PES and OS were calculated using the Kaplan Meier
method. PFS and OS were compared using a cox propor-
tional hazard model. Significance was set at p=0.05.

Results

In total, 2045 patients were included in this study [PFS
from randomisation for the complete population was
4.8 months (95% confidence interval 4.4-5.1) and OS
from randomisation was 12.4 months (11.9-12.9)].
Almost 50% of patients were treated with doxorubicin
75 mg/m® as monotherapy; the other patients were
treated with one of the combination regimens (Addi-
tional file 1: Table S1 shows the distribution of patients
according to study and treatment regimen. Additional
file 1: Table S2 shows the number of treatment cycles by
study). Median time on treatment was 15 weeks, corre-
sponding to a median number of 5 cycles. Of all patients,
43.7% of patients (894) were treated with 6 or more cycles
of chemotherapy, 70.2% of patients were treated with 3
or more cycles. Five hundred fifty five patients (27.1%)
received exactly 6 cycles of chemotherapy. Median fol-
low-up for all patients was 4.1 years [Inter quartile range
(IQR) 2.5-6.5 years]. Most of the patients receiving more
than 6 cycles, were included in studies studying the doxo-
rubicin 50 mg/m?/ifosfamide 5 g/m? regimen (Additional
file 1: Table S1).

Of these patients with at least 6 cycles of treatment
748 patients (83.7% of all patients treated with 6 or more
cycles) did not progress before or at the end of treat-
ment. For exactly 6 cycles, 475 patients (85.6% of patients
treated with exactly 6 cycles) did not progress before
the end of treatment. Table 1 shows the percentage of
patients considered for this study per treatment strategy.
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Baseline characteristics

Tables 2 and 3 and Additional file 1: Table Sla—d show
the characteristics of the included patients. No important
differences exist between the different groups. The most
common histologic subtype was leiomyosarcoma (31%),
followed by the no longer existing histologic entity malig-
nant fibrous histiocytoma (MFH) (13%) and synovial sar-
coma (10%) (Additional file 1: Table S3). As none of the
other subtypes did comprise ten percent of the patients
as an entity, these were considered together when his-
tologic subtype was studied (also MFH was added to
the miscellaneous group as this entity no longer exists;
smaller subgroups would reduce the statistical power).

Patients treated with at least 6 cycles of treatment
Considering the 748 patients with at least 6 cycles of
treatment and without progression before or at the
end of treatment, the median PFS from randomisation
was 9.4 months (95% confidence interval: 8.9-9.9) and
median PFS from end of treatment was 4.3 months (95%
confidence interval: 3.8—4.7) (Additional file 1: Table S4
shows the PFS per treatment regimen). PES for the differ-
ent histologies was comparable and is provided in Addi-
tional file 1: Table S5.

Median OS from randomisation was 19.5 months (95%
confidence interval: 18.2-21.3) and median OS from end
of treatment was 14.5 months (95% confidence interval:
12.8-16.1) (Additional file 1: Table S6). The median OS
according to histology were approximately the same and
are provided in Additional file 1: Table S7.

Patients treated with exactly 6 cycles of treatment

Because longer treatment duration could lead to bias,
we also did the analysis for patients treated with exactly
6 cycles. For this analysis, 475 patients were included
(85.6% of the total receiving 6 cycles). The median PFS
from randomisation was 8.7 months (95% confidence
interval: 8.2-9.1) and the median PFS from end of treat-
ment was 4.2 months (95% confidence interval: 3.7-4.8)

Table 1 Distribution of patients per treatment strategy and number of cycles

Treatment
DOX 75 (N=948) DOX50—IFO5 DOX75—IFO5 DOX75—IFO 10 Total (N=2045)
(N=614) (N=266) (N=217)

Number of patients with at least 6 cycles 403 (42.5) 270 (44.0) 103 (38.7) 118 (54.4) 895 (43.7)
Progression before/at end of treatment 67 (16.6) 55 (20.4) 15 (14.6) 9(76 146 (16.3)
No progression before/at end of treatment 336 (83.4) 215 (79.6) 88 (85.4) 109 (92.4) 748 (83.6)
Number of patients with less than 6 cycles 545 (57.4) 344 (56.0) 163 (61.3) 99 (45.6) 1151 (56.3)
Progression before/at end of treatment 312(57.2) 175 (50.9) 52(31.9) 28 (28.3) 567 (49.3)
No progression before/at end of treatment 233(42.8) 168 (49.1) 111 (68.1) 71(71.7) 584 (50.7)




Page 4 of 9

:18

(2020) 10.

Verschoor et al. Clin Sarcoma Res

(co) L (00)0 (00)0 (G (00)0 (90)C (L0 ¢ (00)0 (o)L (o)L (000 #0) S (S0 € ¥0) ¢ Buissiy
(€Ll (00)0 [CAPA (8¢ € (e (L6) €€ (88) ¥ Q€6 Fe) 6l (€D Ll (ool 8 (o) 8Ll (£8) 1S (811)£9 +27Sd
(8'6€) 681 (0b) vir (1'8€) ¥ (€9h) L€ (£1€)¥8 (8¥¥) ¢Sl (0¥¥) 0Tl (S8h) € (Cov) €ce (86€) 681 (S'Ty) ve (6'9%) 0vS ('S¥) S9C (§8%) S/T 1 Sd
(L19)vLT (9%65) 59 (€09) 8€ (8'8Y) 6€ (ces) cel (81) ¢G5l (S9p) LTL (62€) ST (99 zle (L19)vLT (S'/¥) 8¢ (V'Ty) 88y (t'S¥) S9C (€'6€) €CC 0Sd
SN1LIS 9URUIIONIY
0z (00)0 (00)0 (ST (00)0 Fy) Sl 90 L (lzn e (o) v o)z (Crak4 (6'l) CT (1oet (g1ot Buissiy
sieak
(621)s8 (87 € (czo vl (€90) 1T (10 v (ze6l) S9 (621) 6% (v ol (£21)86 (621)s8 (€9l) €l (C'5) 06T (£97) 9G1 (o€ vel 09=<
sieak
(CLe) vl (61¢) 8¢ (cco vl (g€ 6l (S¥E) LL (#'520) 98 (£90) €L (zel) €l (10€) L91 ((alnIk:i4 (8€0) 6l (060) €€ (1'60) 0LL (680) Y91 09-0S
sieak
(cvo siL (6€€) L€ (€vl)6 (881) 6L (CvD) vs (12 s ('€0) ¥9 (o)LL (€v0) sl (cva)siL (050) 0 (S70) 65C (600) ¢l (v L€l 0S—0t
sieak
(€90) szl #80) L€ (€'1¥) 9T (8'80) €T (C00) sy (6'80) 86 (€'60) 08 (€081 (L0 1sL (€970) stL (§z8) 9t '127) ove (Lo vl (Sl el or>
aby
(o)L (00)0 (00)0 (€t (00)0 (00)0 (00)0 (00)0 (o)t (o)L (00)0 1oy L (o)L (00)0 Buissiy
@eo)ere OSWer  (Tee (€99 (€v9) 1l (€19)bLL (16b) el ©09)0r (015 €8e (zs) 8ve (®€r) se (515) €65 (€15) 667 ©15)v6r  2lewsay
(92¥) 9tT (0°5%) 09 (9'2¥) 0€ (STh) ve (Lsy) ol (£8¥) S91 (6'09) 61 (F'6€) 9T (8'8%) LLT (94¥) 9t (€99) St (#'8) £S5 (98%) #8T (1'8y) €£T S
19puan
(%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N
(60L=N) (€9=N) (08=N)
(SZr=N) OLO4I-SZ SO41-SZ SO041-0§ (£ZZ=N) (€2z=N) (99=N) (SLy=N) (08=N) (¥8S=N) (£9S=N)
[e1oL xod Xoa Xod </ x0d juBWIEdI} JO  JUBWIRdI} JO JUSW}EDI} JO  JUBWIERI} JO JUBWIEdI} JO  JUDW)EDI} JO
(656 =N)  pusaio)pq  puaaiopq (5SS =N)  Pusai0aq  puaaloeq  (LSLL=N)  Pudai0j)2q  pud 2105aq
juswijead) |eyol dd ON ad |ejol dd oN ad |eyol dd oN ad

ad ou—sa3aAd 9 Ajpdex3

s31>£> 9 ueyy aso

s3]24> 9 A]pdex3

s32K> 9 ueyy ssa

sJnpsua)deIRYd dulaseqy g djqeL



Page 5 of 9

:18

(2020) 10.

Verschoor et al. Clin Sarcoma Res

(8) 6€ (000 (1'ge) ve 0o (£9) 5L (L6) €€ (€ol)8e ©@ns (59) v (c8) 6€ (oon s (I ecl (cel) Lt (601) 29 buissiy
(rov) z6l (8'9%) LS 01 (Siv)8e (98998 (99) 851 (L8p) €€l (6L8)sT  (€lv)6ee (rov) zel (€97) L€ (0°29) 865 (e'6¥) 88C (Lvs)oLe SOA
¥'18) vie (ces) 8s (6v¢€) tC (Crd9kaz (Lvs)cel (Lev) 8yl O eit (5%5) 9¢ (€09) 64T F'LS9) vre (8'ev) S¢ 09¢) viv (sr)e6le Fye) 6l ON

POAJOAUL YIS AleWilg

(I'e) ev 0o (0o €t (881) v o oo o (€'8) 9 (1) v 89 ¢ (1°¢) 9¢ € € (€€l Buissiy
(cee) €St (r'6e) €7 (6ve)ce  (SLOTc (96099 '1€) sol (00¢) ¢8 Brve)ec  (OLe sl (cTe) €St (g€ 6l (¢'s0) 06 (€60 LLL ©loe6lL SOA
(£85) 64T (9°09) 99 (1'59) LY (€14) L8 @19 6Ll (069) veT (002) L6l (C59) € (£09) L€€ (£85) 64T (5TL) 85 (£12) ST8 (8'99) 06€ (£91) ey ON

Adesayyolpel Jold
(€24) 19 (000L)60L (000L) €9 (E€lv)€E (9T oL (€'80) 96 (980) 82 (€08l (ces) oov (€22) £9¢ (8'8v) 6¢ (S'6¥) 0£5 (1'sS) cee (Lev) 8vT umouyun
K1abins
(6€1) 99 000 ©00 o9 vz (88l T @) Lyl (8'8€) 901 (0€s)se  (@vl)6es (6€1) 99 (€91) €L (9v0) €8T (el 8zl (€0)sSL @wdwiod
K19bins
|ewndo
(8%) €C 0o (0o (osuetL 67) L1 ®lLaveL rea vo (zsuoL ((FANN (8%) € (ST 8l (£s1) 181 (cen) Lt (€81) vOL UON
v 6l 0o (0o g€ LL 998 (€'8) 8¢ (ce) st (5P € (c9) 6T (Or)6l (Gznol (conzLL (86) LS (901) 09 Aiabins oN
K1361ns Jolg
(ool (60) L 8) € (€9) S F0) L (Ip) vl (19 vl (oo (€€l (Igol (8¢ ¢ (6%) 95 (8'%) 8¢ (67) 8¢ Buissiy
(095) 99¢ (9%65) 59 (Ge9gor (G we9elLl (675) 981 (€59) LSL (0es)se  (6S9)0LE (095) 99¢ 0'sS) ¥ (6%5) ¢€9 (€¥S) L1E (959)slLe EEENe)
ewodJes
6vL)LL 16l (s (ool)8 (991) L€ (€ol)s¢e (9ol)6c (16)9 ©Ov1) 18 6¥1) 1L (szuyol 62016 (LroL)6s (99) e [BIAOUAS
ewodJes
(©90) 8¢l (0o ve Qo0€el  (€l9sT (96099 (£0€) vol (6'80) 6£ (6,805t (@l 1sL (690) 821 (8'80) €¢C (€T Tee (8°0€) 081 (6€€) zol -0Awiola
AbBojosiH
(rol) 8L |e 0r9ve  (€le)s¢C 9021 (S¥e) LLL Fve) v6 (8ve)ec  (8L1)66 ¥9l) 8L (€90) LT (7'60) 8€€ (S'1E) v8L (cLavst Buissiy
(0o st (0'sy) 6 (oe6l) L (881)SL (Lv€) 9z (597) 06 (L90) €L (850 L1 (€Te) 6Ll (0ce) est (8€€) L2 (9€) eLe (S¥0) evL (870 6CL  semwanxg
@19 Ssvz  (T€9)8S ©s1 090y (€89 0sL  (6'8€) TEL (8'8€) 901 ves) 9z (661) LLC (9'19) svr (oov) g (OLp) 1S (0vp) £5T (1'09) ¥8T 1BYI0
Jnown Asewid Jo aus
rel)z6 (60) L (6ve e (SL9)0e  (SLL)6E (09¢) ezl (5°5€) L6 L) sc  ©Lgoct (rel) c6 (0'se) 8¢ (5°€€) 98¢ (cze) 88l (67¢€) 861 Buissiy
(L69) L€€ (9€6) 0L (Feo e (SLv)8e (604 8SL O19) S8l (£s9) TSt ©os)ee  (629) LL€ (£69) L€ (5°£9) 9y (909) £69 (£779) 99¢ (r'89) L€ Il opeIs
I pue
eones (599 (4R} (osu) et (19 (¥r'6) ¢ (8'8) ¢ Iz g (S01)8S (601) ¢S SH9 (€'9) 89 (1's) 0€ (£9) 8¢ | opein
Buipeib [esibojoyredolsiy
(%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N
(60L=N) (€9=N) (08=N)
(SZr=N) OLO4I-SZ SO4I-SZ SO41-:0S (€ZZ=N) (e£z=N) (99=N) (SZ¥=N) (08=N) (¥85=N) (£9S=N)
|eoL x0d xod Xx0d S/ X0d JuswWieas} Jo  jusawileal) jo juswieas} Jo  juswieas Jo juswieal jo  jusawileal} jo
(6€€=N) pus aiojaq pusaiojpq  (SSS=N) pus aiojaq pus aiojaq (LSLL=N) pus aiojaq pus aiojaq
juswieal] |eloL ad °N ad |elol dadoN ad |elol adoN ad
ad ou—saAd 9 Aj3dexy s92£> 9 ueyy alop s9[2£> 9 Aj1dexy $9[2K> 9 uey) ssa

sJljsiiajdeleld juawieal) pue tnown] ¢ ajqej



Page 6 of 9

(2020) 10:18

Verschoor et al. Clin Sarcoma Res

(c8) 6€

(oo (1'8€) vT (000 (£9) 5L (£6) €€ (€0l) 8¢ ©ns (5'8) L¥ (¢8) 6¢ (ool) 8 (e el (cel) 1L (6'01) 29 Buissiy
(G18) /8¢ (LTo) oL (OvS)ve  (578)99  (#'e8) 98l (G 7aNkr4 (€€4) 00T (€015 (608 6P (5'18) /8¢ (SL0 9 (ST ves (6'69) 80t (I'sz) 9ty SOA
(€oL ev (€08 ©0s [Crava4t (66) CC (c91) ss (591) ¥ (@snoL  (ol)es (€01 6 (Gznol (gs1) 8L 1) 66 (6€1) 6/ ON
PSAJOAU] 3115 J1RISRISI
(%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N
(60L=N) (€9=N) (08=N)
(SZr=N) OLO4I-SZ SO4I-<SZ SO41-0S (SZZ=N) (e£z=N) (99=N) (SL¥=N) (08=N) (¥85=N) (£95=N)
|exol Xoda Xoa Xoa S/ Xod juswijeal} jo juswjeal jo juswijealy jo juswijealy jo juswijeall jo jusawjeal jo
(6EE=N) Ppu@ai0joq  pusaI0joq  (SSS=N) PuddI0jdq  pudaloPq  (LSLL=N) Ppusai0j9q  pudaioydq
juswieal] leloL ad oN ad |ejoL dd °N ad |eloL dd °N ad

ad ou—sad)2£d g Aj1dex3

s32£> 9 ueyy asop

s394 9 Aj1dex3

s3]2£> 9 ueyy ssa

(Ponunuod) € ajqey



Verschoor et al. Clin Sarcoma Res (2020) 10:18

(Additional file 1: Table S8). A significant effect of treat-
ment on PFS was found, patients receiving doxorubicin
monotherapy had a worse PFS compared to patients
receiving doxorubicin 75 mg/m? combined with ifos-
famide 10 g/m? combination therapy [p=0.021 and
p=0.036 respectively, as already reported by Judson et al.
[3]]. In this analysis, no significant effect of histology on
PFS was found (Additional file 1: Table S9).

Median OS from randomisation for these patients was
20.1 months (95% confidence interval: 18.3—22.3 months)
and median OS from end of treatment was 15.7 months
(95% confidence interval: 14.0—17.8). There was no statis-
tically significant effect of treatment regimen or histology
on OS (Additional file 1: Tables S10 and S11).

Patients treated with less than 6 cycles and no progressive
disease

The progression-free survival for patients treated with
less than 6 cycles of doxorubicin-containing treatment
regimens was 3.8 months (95% confidence interval
3.5-4.3 months) from randomisation (Additional file 1:
Table S12). OS was 10.0 months (95% confidence interval
9.1-10.8 months) (Additional file 1: Table S14). As there
can be a bias due to the number of cycles given, no for-
mal statistical comparisons were done. The median pro-
gression-free survival and OS for the different treatment
regimens are shown in Additional file 1: Tables S13 and
S15 respectively, but did not differ.

Discussion

In this study, we report the progression-free and OS of
patients completing 6 cycles of doxorubicin based chem-
otherapy who did not progress before completion of this
treatment. Knowledge of the PFS and OS of patients
completing 6 cycles of doxorubicin without progressive
disease is essential for planning maintenance studies with
cytotoxic chemotherapy or tyrosine kinase inhibitors. It
is also important to know what percentage of the total
number of patients receiving systemic therapy is likely to
be available for such trials.

The prognosis of patients with metastatic STS remains
poor, with a median OS of 12.8—14.3 months respectively
in a recently reported study of first-line doxorubicin
versus doxorubicin/ifosfamide [3]. More recent studies
show a median OS around 18 months [4-6]. Although
the addition of olaratumab to doxorubicin seemed to be
promising based on the phase II data, the confirmatory
phase III trial, ANNOUNCE, did not show any benefit
of the addition of olaratumab to doxorubicin (median
overall survival 20.4 versus 19.7 months) [7, 8]. Now,
one of the other strategies that could be explored to
improve the OS of STS patients is the addition of main-
tenance therapy after first-line chemotherapy. This is a
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well-established concept in colorectal cancer, non-small
cell lung cancer and ovarian cancer [20—22]. Progression
after first-line treatment can result in a deterioration in
performance status making it difficult or impossible to
administer second-line treatment. Maintenance treat-
ment is intended to improve OS by prolonging the pro-
gression-free survival after first-line treatment by direct
continuation of chemotherapy. In STS, this is even more
a problem, because doxorubicin is first-line treatment
and has a maximum safe cumulative dose of 450 mg/m>
(6 cycles), although even at this dose there is evidence of
cardiac damage in a significant percentage of patients.
Administration of higher cumulative doses, e.g. 600 mg/
m? (8 cycles) as in the olaratumab study, is only possi-
ble with the co-administration of the cardioprotective
agent cardioxane since the risk of cardiotoxicity at this
dose without cardioprotection is in the region of 50%. An
alternative to doxorubicin would be the use of liposomal
doxorubicin, which does not have the cardiotoxic poten-
tial of doxorubicin [16]. When considering maintenance
treatment, one needs to take into account the risks of this
therapy and the loss in quality of life caused by the main-
tenance treatment. Drugs that have some proven util-
ity against sarcomas and could be used in maintenance
treatment include pazopanib and trabectedin, which are
both well-tolerated [23-25]. Although the concept of
maintenance treatment after doxorubicin is attractive,
maintenance studies had trouble recruiting due to the
temporary registration and availability of olaratumab
in most of the western world. Probably, these trials will
now recruit more easily, because olaratumab failed in the
phase III trial. For designing future studies of mainte-
nance therapy in STS, data on PFS and OS in this setting
are essential.

It is important to realise that of all patients included in
the database, only 43.7% received 6 cycles or more and
only 83.7% of these did not progress before the end of
treatment (36.6% of all patients). Patients treated with
more than 6 cycles have a similar OS as patients receiv-
ing exactly 6 cycles of doxorubicin, but patients receiving
less than 6 cycles without progressive disease at the end
of treatment have a worse survival. Based on this data-
base study we roughly estimate that only one third of all
patients (all patients receiving 6 or more cycles and no
progressive disease at end of treatment) will qualify for
maintenance treatment.

The PFS of 8.7 months and the OS of 20.1 months
from randomisation is much longer than the mean OS
of patients included in first line studies. Of course, this
is an expected difference because responding patients
will have a better prognosis compared to patients not
responding to chemotherapy. On the other hand, this
improved survival should be accounted for when
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planning maintenance studies and single arm phase II
studies.

One of the major limitations of this study is the long
interval between the first included patient and the last
included patient. Ifosfamide was already available in
the early years of this study, but trabectedin, pazopanib
and gemcitabine/docetaxel are new second or later
line treatments prolonging PFS and/or OS [19, 23, 26].
These new second line treatments will cause bias when
comparing older regimens like doxorubicin 50 mg/m?
combined with ifosfamide 5 g/m? to newer regimens
like doxorubicin 75 mg/m?* combined with ifosfamide
10 g/m?. The improved supportive care over the years
will increase this bias somewhat further.

In this study, treatment regimen had only a signifi-
cant effect on PFS, with doxorubicin 75 mg/m?* com-
bined with ifosfamide 10 g/m? having the best PFS. No
significant effect on OS was found, but a trend towards
an increase in OS was found for patients with doxoru-
bicin/ifosfamide combination therapy, which is more or
less comparable with our study on this regimen, show-
ing only a very little improvement in OS compared with
doxorubicin 75 mg/m? monotherapy [3]. The increase
in PFS without an increase in OS in this study could
be the effect of sequentially using these agents com-
pared to using them concurrently. For other tumours
like colorectal cancer it has been shown that sequen-
tial treatment is comparable to concurrent treatment
[27]. Second, as the study design selects for respond-
ing patients, the difference in OS between this study
and the EORTC 62012 study could be caused by the
increased response rate with doxorubicin/ifosfamide.

Importantly, this study shows no effect of histology
on the outcome of patients, although the number of
separately studied subtypes was small. This is in con-
trast to earlier studies, showing a better survival in for
example synovial sarcoma [28]. These differences could
be caused by the low number of included patients in
this study, or by the exclusion of patients with progres-
sion during treatment, thereby selecting for responding
patients.

Conclusions

This is the first study reporting the progression-free
survival and OS of patients completing 6 cycles of
doxorubicin containing treatment without progres-
sive disease before completion of treatment. These data
are important for future study design and daily patient
care as one of the ways forwards to improve survival
in advanced STS could be maintenance treatment for
the minority of patients whose disease is sensitive to
chemotherapy.
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