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82% had a single clinical trial only. OS was primary endpoint in 14% of trials and QoL
data were available from 25%. The median OS benefit was 2.55 months (IQR,
1.33-4.28) with a mean hazard ratio for OS of 0.75 (95%Cl, 0.72-0.79, I*> = 42).
Improvement for QoL was reported for 7 (4%) of 156 indications. Over time, priority
review was used increasingly and the mean number of trials per indication decreased
from 1.45 to 1.12. More trials reported results on QoL (19% in 2000-2005; 41% in
2016-2020). For 21 years, novel cancer drugs have typically been approved based on
one single, often uncontrolled, clinical trial, measuring surrogate endpoints. This
leaves cancer patients without solid evidence that novel drugs improve their survival

or QoL and there is no indication towards improvement.
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What's new?

Concerns have been raised that regulatory programs to accelerate the approval of cancer drugs
may increase uncertainty about survival and quality-of-life benefits and harms. Here, the authors
analyzed all pivotal clinical trials and non-pivotal randomized controlled trials for the 145 novel
cancer drugs approved by the FDA between 2000 and 2020. Cancer drugs were typically
approved based on one single small trial, often without a control group and measuring only sur-
rogate endpoints. This leaves cancer patients without solid evidence that the novel drugs
improve their survival or quality of life, with no trend towards change.

1 | INTRODUCTION

Approval of novel anti-cancer drugs by the US Federal Drug Adminis-
tration (FDA) demands evidence on efficacy and safety from high
quality pivotal trials.! In the last three decades, the FDA has been
equipped with additional programs to respond more flexibly to medical
needs and expedite approval when needed (eg, during the HIV crisis).
Those additional approval programs include the orphan drug act (1983),
accelerated approval pathway (1992), priority review program (1992)
and the breakthrough therapy program (2012).2 While those programs
add flexibility and increased regulatory review speed to the approval
process,® numerous concerns have been raised regarding their implica-

1.*> Concerns are

tion for the quality of evidence at the time of approva
related to the growing use of surrogate endpoints* (with mostly uncer-
tain validity)® and to approvals increasingly being based on single trials,”
or on non-controlled trials only.> There are examples where approvals
based on surrogate endpoints had to be withdrawn at a later stage.®°
However, once approved, drugs are often kept on the market despite
the lack of evidence for a benefit beyond surrogate endpoints,%?
emphasizing the importance of high quality evidence at the date of
approval. And even when there is evidence on survival benefits of novel
cancer drugs, analyses on approval evidence showed that these are only
modest with average survival gains in the range of a few months.*>1314
Considering the modest improvement of survival, the importance of
data on quality of life (QoL) in the assessment of new cancer treatments
has been emphasized.*®> However, approval evidence on QoL has only

been investigated in a few studies. Most analyses on QoL were not

based on available results at the time of approval,*® but on post-
approval publications,*” and health technology assessments.*®

We recently assessed the treatment effects of all novel cancer
drugs approved by the FDA between 2000 and 2016 on overall sur-
vival (OS), progression-free survival (PFS) and tumor response (TR).18
Here we expand these data and now include approval evidence up to
December 2020; provide information on QoL effects; include non-
randomized clinical trials; give a closer assessment of study design
characteristics; and describe trends of the approval evidence over the
last two decades.

2 | METHODS

This study is part of the Comparative Effectiveness of Innovative
Treatments in Cancer (CEIT-Cancer) project.'’ The database and iden-
tification, selection, extraction and handling of data have been
described elsewhere in detail.>*®2° Our reporting follows the
Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guideline.?*

21 | Identification of novel cancer drugs and
corresponding trials

We identified all novel anti-cancer drugs that have been approved by

the FDA as treatment for any malignant disease for the first time
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between January 2000 and December 2020.'® We identified the
novel cancer drugs by using the FDA official website.?2 We included
all clinical trials that we identified as pivotal or that were described as
“main” or “primary” clinical trials by the FDA in review strategy
section of the approval documents. These were either randomized
controlled trials (RCTs) or trials without control arm (ie, single arm or
randomized dose-comparison trials). We also extracted information
on all other RCTs that were conducted in the target population and
compared the novel drug with a control that did not contain the novel
drug and were additionally reported in the approval document but
were not declared as pivotal. Randomized dose-comparison clinical
trials, in which all patients received the novel drug at different doses
without a control arm, were considered as clinical trials without con-
trol arm. We obtained the FDA approval documents for all novel can-
cer drugs from drugs@FDA.%?

2.2 | Data extraction
We extracted data on indication, regulatory and clinical trial character-
istics, and the reported treatment outcomes for OS, PFS, TR and QoL.
For the years 2000 to 2016, we used the previously published
information.® For this period, data for trial without control arm were
extracted by one single reviewer (VG). Data for 2017 to 2020 from
trials without control arm and RCTs were extracted by two indepen-
dent reviewers (VG with either CA, CL, HK, JH, MPL, MWC or TVP).
Any disagreement was resolved by consensus or by a third reviewer
(AMS, LGH).

2.3 | Statistical Analysis

We used descriptive statistics to analyze drugs, indications, clinical
and regulatory details, clinical trial characteristics, treatment outcomes
and changes over time.

For the analysis of treatment effects, we used RCTs only because
trials without control arm do not provide comparative treatment
effects. In RCTs that compared different doses of a novel cancer drug
to a control, we selected the comparison with the later-approved
dose. Three studies were included twice in the analysis because they
were relevant to two different indications but for the same drug. For
the meta-analyses, we used random-effects models?® and the I sta-
tistic to describe statistical heterogeneity among the pooled effect
estimates.2* Hazard ratios for OS and PFS were directly taken from
the FDA documents. For TR, we first calculated the relative risks for
the individual trials based on reported events, before pooling them as
unadjusted relative risks. We used a continuity correction of 0.5 to
account for cases of 0 events.?> We calculated the improvement in
OS and PFS per study as the difference between the median OS or
PFS of the experimental vs control arm before calculating an overall
median improvement across all studies. Results on QoL were qualita-
tively summarized. Changes over time for indication and trial charac-

teristics, and treatment effects were reported descriptively by using

five-year time intervals. Additionally, we analyzed trends with regres-
sion models using year of approval as the exposure variable. We used
logistic or linear regression models as applicable. All analyses were
exploratory.

We stratified results by cancer type (solid cancers vs hematologi-
cal cancers), indications that demanded a biomarker vs those that did
not, line of treatment and by indications for which results were
reported for QoL.

Data were analyzed using R software, version 3.5.1
(R Foundation for Statistical Computing); RStudio software, version
4.0.3 (Rstudio, PBC).2¢

3 | RESULTS

3.1 | Indication and regulatory characteristics
Between 2000 and 2020, the FDA approved 145 novel cancer drugs
for 156 indications. Of those 156 indications, 60 (38%) were for
hematological cancers, and 96 (62%) were for solid cancers. Most indi-
cations contained first (38%), or second line (42%) treatments. For
36% of the indications, a specific biomarker was demanded. The FDA
designated priority review to 82% of the indications and to 28%
breakthrough therapy. Accelerated approval was assigned to 46% of
the indications. The FDA designated orphan drug status to 68% of the
drugs (Table 1). Four of five indications (81%) were supported by only
one clinical trial. Almost half of the indications (49%) received FDA
approval without supporting evidence from at least one RCT. Eleven
indications (7%) were approved with evidence from two RCTs
(Table 1).

3.2 | Trial characteristics

Overall, we identified 190 clinical trials, with a median of 233 partici-
pants (interquartile range [IQR] 124-455). Half of these trials (48%)
were randomized controlled with a median of 420 participants (IQR,
236-675). The trials without control arm included a median of 133 par-
ticipants (IQR, 86-236). The control groups in RCTs were frequently
an active comparator agent or placebo (40% and 39%, respectively)
(Table 2).

At approval, results on OS were available for 61% of all trials
(83% of RCTs, 41% of trials without control), on PFS for 59% trials
(83% of RCTs, 37% of trials without control), and on TR for 86% trials
(76% of RCTs, 96% of trials without control). OS was the primary end-
point for 14% of all trials (28% of RCTs, none of trials without control),
PFS for 26% trials (51% of RCTs, 2% of trials without control), and TR
for 54% of trials (13% of RCTs, 93% of trials without control).
Although approval documents contained information that the trials
have assessed QoL in 55% (51/92) of RCTs and in 30% (29/98) of piv-
otal trials without control, results on QoL were reported for 25% of
trials (34% of RCTs, 16% of trials without control) (Table 2). Qol was
the primary outcome for no trial.
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TABLE 1 Indication and regulatory characteristics
Overall 2000-2005 2006-2010 2011-2015 2016-2020
No. (%) 156 22 21 53 60
Solid malignancy 96 (62) 11 (50) 12 (57) 32 (60) 41 (68)
Breast cancer 17 (11) 1(5) 4 (19) 3 (6) 9 (15)
Endocrine or neuroendocrine 4(3) 0(0) 0(0) 3(6) 1(2)
Gastrointestinal 10 (6) 1(5) 4 (8) 1(2)
Genitourinary 20 (13) 3(14) 6(29) 4(8) 7 (12)
Gynecological 3(2) 0(0) 0(0) 1(2) 2(3)
Neurological 2(1) 0(0) 0(0) 1(2) 1(2)
Other solid 5(3) 0(0) 0(0) 0(0) 5(8)
Respiratory and Thoracic 15 (10) 3(14) 0(0) 6(11) 6 (10)
Sarcoma or GIST 6 (4) 0(0) 1(5) 1(2) 4(7)
Skin 12 (8) 0(0) 0(0) 9(17) 3(5)
Hematological 60 (38) 11 (50) 9 (43) 21 (40) 19 (32)
Chronic myelogenous leukemia 6(4) 1(5) 2(10) 3(6) 0(0)
Leukemia 13(8) 4(18) 1(5) 2(4) 6 (10)
Lymphoma 26 (17) 4 (18) 5(24) 8 (15) 9 (15)
Multiple myeloma 10 (6) 1(5) 0(0) 6(11) 3(5)
Other 7(4) 1(5) 1(5) 2(4) 3(5)
Line of treatment
1st 59 (38) 6(27) 6(29) 18 (34) 29 (48)
2nd 65 (42) 10 (45) 12 (57) 25 (47) 18 (30)
3rd or later 32 (21) 6(27) 3(14) 10 (19) 13(22)
Biomarker driven indication 56 (36) 6(27) 5(24) 17 (32) 28 (47)
Regulatory approval designation
Priority review 128 (82) 16 (73) 16 (76) 41 (77) 5(92)
Orphan designation 106 (68) 13 (59) 10 (48) 40 (75) 43 (72)
Accelerated approval 71 (46) 12 (55) 7 (33) 1 (40) 1(52)
Breakthrough therapy® 43 (28) — 0 2(23) 1(52)
Indication tested in at least one RCT 80 (51) 10 (45) 3(62) 32 (60) 25 (42)
Trials per Indication, mean (SD) 1.22 (0.52) 1.41 (0.59) 1.29 (0.90) 1.21(0.41) 1.13(0.39)
Randomized trial 0.59 (0.62) 0.64 (0.79) 0.62 (0.50) 0.70 (0.64) 0.47 (0.57)
Trial without control arm 0.63 (0.74) 0.77 (0.87) 0.67 (1.02) 0.51(0.67) 0.67 (0.63)
Abbreviation: RCT, randomized controlled trial.
2Was only created in 2012.
3.3 | Treatment outcomes in clinical trials 34 | Subgroup analyses

On average, novel drugs improved OS relatively by 25%
(HR 0.75; 95%Cl, 0.72-0.79; I?> = 42%; Figure 1 and Table 3) and
increased the absolute median OS by 2.55months (IQR,
1.33-4.28). The mean hazard ratio for PFS was 0.51 (95%Cl,
0.47-0.55; I> =
3.3 months (IQR, 2.02-5.06). The relative tumor response was
increased with a risk ratio of 2.14 (95%Cl, 1.88-2.43; I?> = 90%,
Figure S2). An improvement in QoL was reported for 8% (7/92) of
RCTs (Table 3).

88%, Figure S1), with a median increase of PFS of

The FDA designated orphan drug status to all drugs (100%) that were
approved for hematological cancers, and to 48% of drugs for solid
cancers. Whereas in solid cancers 62% of the indications were
approved based on evidence from at least one RCT, it was 35% in
hematological cancers (Table S1). Typically, trials on drugs for solid
cancers were larger than trials on hematological cancers (median par-
ticipants 492; IQR, 328-753 vs 206; 154-310). Whereas OS and PFS
are more frequently used as primary outcome in solid cancers (19% vs

5% and 33% vs 14%), TR is more frequently used in hematological
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TABLE 2  Trial characteristics

Overall 2000-2005 2006-2010 2011-2015 2016-2020
Al trials
Number of trials 190 31 27 64 68
Participants, median (IQR) 232 (124, 455) 216 (62, 390) 170 (85, 422) 240 (136, 531) 254 (130, 461)
Endpoints
Overall survival 116 (61) 14 (45) 13 (48) 48 (75) 41 (60)
Progression-free survival 112 (59) 12 (39) 13 (48) 46 (72) 41 (60)
Tumor response 164 (86) 27 (87) 25 (93) 56 (88) 56 (82)
Quality of life 47 (25) 6(19) 1(4) 12 (19) 28 (41)
Other® 10(5) 3(10) 2(7) 1(2) 4(6)
Primary endpoints
Overall survival 26 (14) 3(10) 3(11) 15 (23) 5(7)
Progression-free survival 49 (26) 3(10) 5(19) 23 (36) 18 (26)
Tumor response 103 (54) 21 (68) 6 (59) 27 (42) 39 (57)
Other® 22 (12) 5(16) 4 (15) 4 (6) 9(13)
Randomized controlled trials
Number trials 92 14 13 37 28
Participants, median (IQR) 420 (236, 675) 364 (206, 470) 435 (312, 626) 356 (193, 723) 442 (251, 626)
Blinding
Double-blind 40 (43) 6 (43) 3(23) 21(57) 10 (3¢6)
Open label 52 (57) 8(57) 10 (77) 16 (43) 18 (64)
Control
Active 37 (40) 6 (43) 5(38) 12 (32) 14 (50)
No comparator 19 (21) 4 (29) 5(38) 6 (16) 4 (14)
Placebo 36 (39) 4(29) 3(23) 19 (51) 10 (3¢6)
Endpoint
Overall survival 76 (83) 8(57) 10 (77) 35 (95) 23 (82)
Progression-free survival 76 (83) 9 (64) 10 (77) 34 (92) 23(82)
Tumor response 70 (76) 10(71) 12 (92) 30 (81) 18 (64)
Quality of life 31 (34) 5(36) 1(8) 9 (24) 16 (57)
Other? 6(7) 3(21) 1(8) 0(0) 2(7)
Primary endpoints
Overall survival 26 (28) 3(21) 3(23) 15 (41) 5(18)
Progression-free survival 47 (51) 3(21) 5(38) 22 (59) 17 (61)
Tumor response 12 (13) 6(43) 3(23) 2 (5) 1(4)
Other® 16 (17) 3(21) 3(23) 3(8) 7 (25)
Trials without control arm
Number trials 98 17 14 27 40
Participants, median (IQR) 133 (86, 236) 94 (49, 235) 101 (72, 123) 134 (104, 220) 145 (107, 337)
Endpoints
Overall survival 40 (41) 6 (35) 3(21) 13 (48) 18 (45)
Progression-free survival 36 (37) 3(18) 3(21) 12 (44) 18 (45)
Tumor response 94 (96) 17 (100) 13 (93) 26 (96) 38 (95)
Quality of life 16 (16) 1(6) 0(0) 3(11) 12 (30)
Other® 4(4) 0(0) 1(7) 1(4) 2(5)
Primary endpoints
Overall survival (0] 0 0 0 0
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TABLE 2 (Continued)

Overall 2000-2005
Progression-free survival 2(2) 0 (0)
Tumor response 91 (93) 15 (88)
Other® 6(6) 2(12)

Abbreviation: IQR, interquartile range.

INTERNATIONAL Tuce 2479
JOURNAL of CANCER : J—

2006-2010 2011-2015 2016-2020
0(0) 1(4) 1(2)
13(93) 25(93) 38 (95)
1(7) 1(4) 2(5)

20ther endpoints included asparaginase activity, testosterone suppression, time to tumor progression, metastatic free survival, reduction in spleen size.
BAll trials for whom neither Overall survival, progression-free survival nor tumor response was the primary endpoint.

cancers (68% vs 45%). Additionally, QoL is more often reported in tri-
als investigating solid cancers (32%), compared with hematological
cancers (14%) (Table S2).

Indications with first line treatment were more often approved
based on evidence from at least one RCT (68%) compared with
indications of second- or third-line treatments (48% and 31%,
Table S1). Treatment outcomes for OS, PFS and TR were similar in
analyses stratified by cancer type and line of treatment. There
were no stronger effects of drugs in cancers with specific bio-
markers (Table S3).

3.5 | Changes in the years 2000 to 2020

The number of approvals continuously increased from 2000 to 2020
(22 approvals in 2000-2005 compared with 60 in 2016-2020)
(Tables 1, S4 and Figure 2). The proportion of indications approved
under priority review increased from 73% to 92%, and breakthrough
therapy designation increased after its introduction in 2012 to 52%.
In parallel, the mean number of trials per indication decreased from
1.45 to 1.12 (Figure 2 and Table S4). The proportion of drugs with
orphan drug designation, accelerated approval, and supporting evi-
dence from at least one RCT remained stable. The proportions of
drugs for solid cancers increased from 50% to 68% and for drugs
approved as first line treatments (from 27% to 48%). Furthermore, the
proportion of indications which included a specific biomarker
increased from 27% to 47%.

There was no relevant increase in the median number of par-
ticipants from 2000 to 2020 (Tables 1 and S4). The proportion of
trials that reported results for OS and PFS increased from 45% to
60% for OS and from 39% to 60% for PFS. Over time, more trials
reported results on QoL (19%, 4%, 19% and 41% in the consecu-
tive five-year intervals). There was a trend to use PFS as a primary
endpoint more often (10% in 2000-2005; 26% in 2016-2020). For
OS, there was no trend towards increasing use as primary
endpoint.

The hazard ratios for OS or PFS and the relative risk for TR were
stable over time. The median improvement in OS in the years 2016 to
2020 (median OS in months 5.65; IQR 2.05-8.38) was higher com-
pared with the years 2000 to 2005 (2.80; 1.99-4.40), 2006 to 2010
(1.75; 0.29-2.48), 2011 to 2015 (2.40; 1.40-3.94), without a clear

trend in the linear regression (Table S4).

4 | DISCUSSION

In the last two decades, the FDA approved 145 novel drugs for
156 cancer treatment indications. Most received priority review and
about half underwent accelerated approval. Four of five approvals
were based on evidence from a single trial only, in every second case
without evidence from an RCT and on the base of surrogate end-
points other than OS, that is, PFS or TR. Trials are typically small
(<250 patients). For almost all trials without control arm, TR was the
primary endpoint; in RCTs, OS was the primary endpoint in only 28%,
while the most frequent primary outcome was PFS (51%). Although

4514 we could not observe a

this practice has been criticized for years,
trend during the last 20 years to employ RCTs to test novel cancer
drugs or provide results on OS more often. Considering that several
countries with small national regulators adopt FDA approvals or
approve drugs in collaboration with the FDA,2”-?8 the evidence base
for approval of novel cancer drugs by the FDA has an impact beyond
the borders of the US healthcare system.

Despite the large volume of approvals of different drugs, the ben-
efits for patients they convey seem modest. While novel cancer drugs
showed strong effect sizes for surrogate endpoints like PFS (mean HR
0.51) and TR (RR 2.14), the effect on OS were more modest with a
mean HR of 0.75 and the absolute benefit is in the range of 2 to
4 months longer progression-free and overall survival. This empha-
sizes the importance of considering surrogacy issues in case when
drugs are approved based on limited evidence on 0S.>2° Our findings
may suggest a trend to measure QoL more often but only a small
minority of cancer drugs were shown to improve QoL in a RCT (7 of
145, 5%). We saw a trend towards new cancer drugs being more
often approved for first line treatment and a higher proportion of bio-
marker driven therapies. Since its introduction, priority review has
now become the standard process for assessment of approval applica-
tions; after its creation in 2012, the breakthrough therapy designation
is now used for every second approved indication. The circumstance
that indications are mostly approved based on a single pivotal trial
and without RCT evidence in half of the indications seems to be
unchanged over time; in fact, the number of trials per approval
decreased during the last two decades. FDA authors are discussing
these uncertainties and have recently described potential remedies,°
for example starting single-arm trials and RCTs in parallel with the aim
that solid evidence follows soon after accelerated approval based only

on a single arm trial.?°® On December 29, 2022, Consolidated
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Drug HR (95% ClI) Favours Novel Cancer Drug Favours Control FIGURE 1 Forest plot of all
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Appropriations Act, 2023 (H.R. 2617) was signed by US President
Biden, this provides the FDA with the ability to require that post-
approval studies be underway prior to grant accelerated approval for
novel cancer drugs.3? It remains to be seen to what extent the FDA

will use this option.

0.5

’
HR (95% CI)

Median treatment effects for OS seemed to have increased in the
last 5 years with a median OS gain of 5.65 months in 2016 to 2020,
but this should be interpreted cautiously because it was not sup-
ported by linear regressions across all years and it was substantially

driven by the approval of olaratumab in 2016 which showed a median
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TABLE 3 Overall survival, progression-free survival, overall tumor response and quality of life outcomes of randomized controlled trials

Overall 2000-2005 2006-2010 2011-2015 2016-2020

Total number of RCTs 92 14 13 37 28
Overall survival

No. RCTs reporting median OS 44 7 8 19 10

Improvement, median (IQR), months  2.55 (1.33, 4.28) 2.80(1.99, 4.40) 1.75(0.29, 2.48) 2.40(1.40, 3.94) 5.65(2.05, 8.38)

No. RCTs HR OS 74 8 10 35 21

HR (95% Cl), I? 0.75(0.72,0.79), 42 0.82(0.7,0.96), 64 0.79 (0.71,0.88),27 0.75(0.7,0.8), 46 0.71(0.64,0.77), 29
Progression-free survival

No. RCTs reporting median PFS 67 9 10 30 18

Improvement, median (IQR), months  3.30 (2.02, 5.06) 2.10(1.80, 3.80) 2.30(1.51,3.91) 3.25(2.00, 5.04) 4.88 (3.25, 5.49)

No. RCTs HR PFS 74 9 10 33 22

HR (95% Cl), I? 0.51(0.47,0.55),88 0.61(0.5,0.74),84 0.53(0.43,0.65),87 0.49 (0.43,0.55),90 0.5(0.43,0.58), 85
Tumor response

No. RCTs reporting TR 68 10 12 29 17

RR (95% Cl), I? 2.14(1.88,2.43),90 1.91(1.34,2.72),79 279(2.04,3.8),54 223(1.83,2.72),93 1.84(1.51,2.26),85
Quality of life

No. RCTs reporting QoL 31 5 1 9 16

Improvement 7 (23) 2 (40) 0(0) 2(22) 3(19)

No improvement 24 (77) 3 (60) 1(100) 7 (78) 13 (81)

Abbreviations: HR, hazard ratio; IQR, interquartile range; OS, overall survival; PFS, progression-free survival; RCT, randomized controlled trial; RR, risk
ratio.
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FIGURE 2 Trends of Indications characteristics from 2000 to 2020 stratified by 5-year intervals. (A) Absolute numbers of approved
indications per 5 year interval. (B) Proportion of approved indications for solid cancers in percentages per 5 year interval. (C) Portion of approved
indications for first line treatment. (D) Proportion of approved indications which are biomarker driven. (E) Proportion of approved indications
which underwent priority review. (F) Mean number of pivotal trials per approved indications. Bars indicate SD. [Color figure can be viewed at
wileyonlinelibrary.com]
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OS gain of 11.8 months in a phase 2 trial.>23% A subsequent phase
3 trial did not confirm the survival benefit® and approval was subse-

quently withdrawn.

41 | Comparison to other studies

Our results are overall consistent with previous less comprehensive
reports on approval data for cancer drugs and their impact.>1412?
That OS plays only a minor role for approval and that most approvals
are based on a surrogate endpoint has been shown by Davis et al. for
cancer drugs approved by the European Medicines Agency
(2009-13).1¢ Kim and Prasad also showed a large proportion of cancer
drug approvals by the FDA (2008-2015) being based on surrogate
endpoints,>* and that even after approval for 86% of cancer drugs
have uncertain effects on OS or fail to show survival benefits.3* Simi-
larly, Gyawali et al. showed for drugs under accelerated approval that
80% of confirmatory trials found no survival benefit.>> Our study goes
further to differentiate between reported and primary endpoints; OS
was reported for 83% of RCTs, but was the primary endpoint only for
28%, that is, many trials are not adequately designed to assess survival
benefits.

Previous knowledge on the role of QoL evidence at approval of
new cancer drugs is limited. Salas-Vega et al. reported that 42% of
cancer drugs approved by the FDA or the European Medical Agency
(EMA) between 2003 and 2013 improved Qol, based on an analysis
of Health Technology Assessments.'® Davis et al. reported that for
cancer drugs approved by the EMA between 2009 and 20183, evi-
dence for an improvement of QoL was present at the approval in

seven of 68 indications (10%).1¢

Our study is the first to investigate
QoL in approval documents of the FDA and we found an improve-
ment of QoL in just seven of 156 indications (4%). Interestingly, for
51 RCTs, QoL assessment was mentioned in the methods of trials, but
results were only available for 31 of them (59%). Incomplete reporting
of QoL has been criticized before,*® considering that the importance
of QoL has been emphasized repeatedly’® and that QoL cannot be
extrapolated from surrogate endpoints.>” There seems to be a trend
towards QoL being measured more often, but considering the incom-
plete reporting of results and the rare improvement of QoL by novel
cancer drugs, its importance within the approval process remains

unclear and modest.

4.2 | Strengths and limitations

This study has several limitations. First, we examined indications for
cancer drugs approved for the first time and did not look at expanded
indications. Cancer drugs could have greater effects in expanded
indications, for example, when drugs move to an earlier treatment
line. Though, in our analysis, 38% of indications were approved for
first line treatment and we did not see stronger effects in first line
indications. Second, while this report is the first to present infor-

mation on QoL data in FDA approval documents, we did not

quantify potential benefits or harms. This might be of importance,
considering that the tools to assess QoL have been criticized for
focusing only on limited aspects of life and limited follow-up
times.3® Third, half of trials were non-controlled trials for which
we did not quantify and compare effects. For those trials, results
on response and survival would have to be interpreted in the con-
text of external controls, for example, historical data. Such com-
parisons are prone to very high risk of bias, requiring a very careful
in-depth analysis and assessment of these factors for a period of
over 20 years which would go beyond the scope of this project.
Fourth, we only included data which were reported in approval
documents. While there may be other studies that have investi-
gated the novel cancer drugs in the same indication, we assume
that the manufacturer would present the most supportive evi-
dence to the FDA. For this reason, we think there is a low risk that
the included trials would underestimate the efficacy of the

approved drugs.

43 | Conclusions

Since 2000, novel cancer drugs are approved typically based on
one single small trial, often without a control group and measuring
only surrogate endpoints. Across all indications, novel cancer drugs
have modest beneficial effects on OS, and QoL plays only a minor
role in their regulatory assessment. For more than 21 years,
patients with cancer have had very little information about the
benefits of novel cancer therapies. Although this has been criti-
cized over years, no trend towards improvement could be

observed.
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