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Summary
Background Most cancer drugs enter the US market first. US Food and Drug Administration (FDA) approvals of new
cancer drugs may influence regulatory decisions in other settings. The study examined whether characteristics of
available evidence at FDA approval influenced time-to-marketing authorisation (MA) in Brazil, and price differences
between the two countries.

Methods All new FDA-approved cancer drugs from 2010 to 2019 were matched to drugs with MA and prices approved
in Brazil by December 2020. Characteristics of main studies, availability of randomised controlled trials (RCTs),
overall survival (OS) benefit, added therapeutic benefit, and prices were compared.

Findings Fifty-six FDA-approved cancer drugs with matching indications received a MA at the Brazilian Health
Regulatory Agency (Anvisa) after a median of 522 days following US approval (IQR: 351–932). Earlier
authorisation in Brazil was associated with availability of RCT (median: 506 vs 760 days, p = 0.031) and evidence
of OS benefit (390 vs 543 days, p = 0.019) at FDA approval. At Brazilian marketing authorisation, a greater
proportion of cancer drugs had main RCTs (75% vs 60.7%) and OS benefit (42.9% vs 21.4%) than that in the US.
Twenty-eight (50%) drugs did not demonstrate added therapeutic benefit over drugs for the same indication in
Brazil. Median approved prices of new cancer drugs were 12.9% lower in Brazil compared to the US (adjusted by
Purchasing Power Parity). However, for drugs with added therapeutic benefit median prices were 5.9% higher in
Brazil compared to the US, while 17.9% lower for those without added benefit.

Interpretation High-quality clinical evidence accelerated the availability of cancer medicines in Brazil. The combi-
nation of marketing and pricing authorisation in Brazil may favour the approval of cancer drugs with better sup-
porting evidence, and more meaningful clinical benefit albeit with variable degree of success in achieving lower
prices compared to the US.
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Research in context

Evidence before this study
From 2002 to 2021, over 215 new cancer drugs were
launched globally. There is considerable uncertainty in the
clinical benefits of cancer drugs at the time of regulatory
marketing authorisation. In addition, high prices of cancer
drugs are not always commensurate with their clinical
benefits. While most new cancer drugs (∼95%) are first
approved by the US Food and Drug Administration (FDA), the
implications for regulatory agencies in low- and middle-
income countries have not been documented. Literature
searches were conducted on Pubmed and Lilacs with search
terms “cancer drugs”, “approval”, “food and drug
administration”, “price”, and “Brazil”; “cancer drugs”,
“approval”, “Food and Drug Administration”, and “Brazil”;
“cancer drugs”, “Brazil”, and “price”, without time or language
restrictions. Articles were also identified through searches of
the authors’ own files. A total of 107 articles were identified.
Only one study compared regulatory outcomes for cancer
drugs approved and one study compared pricing of cancer
drugs in Brazil with other Latin American countries and high-
income countries. No studies comparing study characteristics
or regulatory outcomes and prices between United States and
Brazil were identified.

Added value of this study
This is the first comparative study analysing the evidence
supporting regulatory decisions and prices of cancer drugs in
Brazil compared to the US. Brazil is a middle-income country

with a large pharmaceutical market where clinical evidence is
not only considered for marketing authorisation but also later
for pricing approval. Our study pioneers by providing an in-
depth analysis of the quantity and quality of evidence
available on new cancer drugs and their impact on approval
times and prices in Brazil. Cancer drugs approved in the US
from 2010 to 2019 with better evidence and more
meaningful clinical benefit were approved earlier in Brazil than
those without these characteristics. These findings highlight
the relevance of robust evidence, as it accelerated the
availability of cancer medicines in Brazil. Median cancer drug
prices were overall lower in Brazil than in the US after
adjusting for Purchasing Power Parity (PPP).

Implications of all the available evidence
Available evidence suggests that the coordination of
marketing authorisation and pricing decisions in the Brazilian
drug regulatory system leads to faster availability of drugs
with better clinical evidence and rewards evidence of added
clinical benefit. The study corroborates the importance of
comparative evidence for informing marketing authorisation
and pricing decisions. Policy implications include aligning the
evidence requirements for marketing authorisation and
pricing with health technology assessment, introducing PPP-
adjustment for external reference pricing, and adopting a life-
cycle approach for pricing. Brazil’s activities based on
regulatory reliance may also be beneficial for other countries,
in particular those that use Brazil in their reference basket.
Introduction
Cancer drugs comprise the single largest category of new
drug approvals. The United States (US) Food and Drug
Administration (FDA) approved over 184 new cancer
drugs between 2002 and 2021.1 At the time of FDA
approval, cancer drugs have uncertainties in their evi-
dence base.2 A growing proportion of new cancer drugs
are approved on the basis of single-arm studies instead
of randomised controlled trials (RCTs), which are
accepted as the gold standard for evaluating new drugs.
Fewer than a fifth of new cancer drugs had main studies
with active comparators.3 Most main studies measured
the effect of cancer drugs on surrogate endpoints, such
as disease progression or tumour shrinkage, which may
not be reliable predictors of longer overall survival (OS).3

Between 2006 and 2016, fewer than half of RCTs sup-
porting FDA approvals of cancer drugs met the threshold
for demonstrating clinically meaningful benefit.4

Despite uncertainties of their clinical benefits,
pharmaceutical companies charge high prices for new
cancer drugs. In the US, an average treatment course
cost US$150,000 per patient in 2018, and spending on
newly-approved cancer drugs was estimated at $39.5
billion.5 Previous evidence found no meaningful rela-
tionship between clinical benefit, and drug prices in the
US and Europe.6,7 High drug prices can result in
financial toxicity for individuals and financial pollution
in health systems.8

Decision making for marketing authorisation,
pricing and reimbursement for new medicines based
on limited clinical evidence is a common challenge for
many health authorities around the world, particularly
for high-priced cancer drugs.9,10 Pharmaceutical com-
panies decide where and when to seek marketing
authorisation for their new products. Cancer drugs
typically enter the US market first: approximately 95%
of cancer drugs were first launched in the US between
2002 and 2021.1,11 US evidence standards can have
consequences for other countries as companies sub-
sequently submit near-identical datasets to other reg-
ulatory agencies, and many countries rely on regulatory
decisions of authorities like the FDA, without further
www.thelancet.com Vol 22 June, 2023
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assessments.12 Uncertainties in the evidence base at
the time of US cancer drug approvals therefore pose
challenges for stakeholders in other health care sys-
tems. Also, prices set in the US can either directly or
indirectly influence prices in other countries due to
commonly used external reference pricing policies, in
which prices in one country are guided by those in
other countries.13,14

We assessed the marketing authorisation and pricing
of FDA-approved cancer drugs in Brazil—an upper-
middle income country with a universal national Uni-
fied Healthcare System (SUS), and a fast-growing
pharmaceutical market. Brazil has an established drug
regulatory system, which dates to 1999. In addition to
evaluating the quality, safety, and efficacy of new med-
icines, Brazilian authorities also regulate prices, based
on comparative efficacy, as a condition for market entry
(Supplementary Fig. S1). By contrast, only marketing
authorisation is required for market entry in the US. In
theory, the combination of marketing and pricing
authorisation requirements in Brazil would incentivise
drug manufacturers to preferentially seek marketing
authorisation in Brazil for products with demonstrated
clinical benefits.

Marketing authorisation (MA) in Brazil is granted by
the Brazilian Health Regulatory Agency (Anvisa), which
regulates healthcare products and services, ranging
from authorisation of clinical trials to post-marketing
surveillance. MA by Anvisa establishes that drugs are
safe, effective and of good quality and is valid for 10
years.15 Companies are required to apply for MA
renewal, prior MA expiration, when additional regula-
tory reviews are conducted. Medicines treating rare
diseases (affecting up to 65 per 100,000 individuals),
including several cancers, are eligible for shorter regu-
latory reviews and conditional approvals, based on less
robust evidence, with MA valid for shorter periods of
time.15 As member of several regulatory harmonisation
fora, Anvisa’s evidence standards have become broadly
similar to those of other stringent regulatory agencies
but with important differences. Anvisa also has non-
binding guidelines for cancer drug trial endpoints,
which recommends the use of a clinically relevant pri-
mary endpoint such as OS as “the most reliable method
for demonstrating efficacy” in RCTs.16

To be allowed to enter the Brazilian market, com-
panies must also apply for maximum pricing approval
from the Drug Market Regulatory Chamber (CMED).
CMED uses health technology assessment (HTA) to
determine if a new drug has added therapeutic benefit in
relation to drugs authorised for the same condition in
Brazil. New patented drugs with added therapeutic
benefit are classified as “category I” if at least one of the
following is demonstrated: a) greater efficacy, b) equiv-
alent efficacy with a significant decrease in risk of
adverse effects, or c) equivalent efficacy with potential for
a significant reduction in the total cost of treatment. New
www.thelancet.com Vol 22 June, 2023
drugs without patent or added therapeutic benefit are
classified as “category II”.17 For category I, the maximum
approved price is determined using external reference
pricing (ERP), as the lowest price charged in a basket of
10 countries. For category II, the price is defined as the
lower price of the ERP and internal reference price (IRP).
IRP anchors the price of a new drug using the cost of
treatment with authorised drugs for the same condi-
tion.15 Actual prices paid can only be lower, not higher,
than the maximum prices approved by CMED.

Our objectives in this paper were threefold. First, we
sought to characterise the evidence supporting market-
ing authorisation of new cancer drugs in the US and
Brazil. Second, we examined whether the characteristics
of available evidence at the time of FDA approval
influenced time-to-marketing authorisations of matched
cancer drug indications in Brazil. Third, we compared
cancer drug prices in the US and Brazil.

Methods
Sample of drugs
All new cancer drugs approved by the US FDA from
January 1, 2010 to December 31, 2019, were identified
and matched with approvals in Brazil (with marketing
authorisation up to July 31, 2020, and pricing autho-
risation by December 31, 2020) (Supplementary
Table S1).

Only new chemical entities, and biologicals with
single active ingredient/moiety with cancer indications
were eligible for inclusion. We matched cancer drugs in
the two settings using their first-approved indications.
We excluded drugs for preventive or palliative care, or
fixed dose combinations, and other products such as
vaccines, radiopharmaceuticals (radiotherapies), sup-
portive therapies, cellular, and gene therapy products,
consistent with previous studies.18,19

Information sources
Publicly available information for FDA-approved cancer
drugs was obtained from the “Compilation of CDER
New Molecular Entity (NME) Drug and New Biologic
Approvals from 1985 to 2019”, FDA annual reports
“New Drug Therapy Approval”, labelling and regulatory
review reports available in the Drugs@FDA database.
Corresponding information in Brazil was obtained from
public medicines assessment reports, and labelling at
the Brazilian Health Regulatory Agency (Anvisa)’s
website. Pricing approval reports in Brazil were obtained
from the Executive Secretariat of Drug Market Regula-
tion Chamber (SCMED). US prices were obtained from
the Federal Supply Schedule Service of the US Depart-
ment of Veteran Affairs (available at https://www.va.
gov/), which are used as benchmark prices in external
reference pricing in Brazil (Supplementary Table S2).20

When more detailed information was needed in Brazil,
regulatory information systems, and databases were
also consulted (Supplementary Table S1).
3
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Data extraction
We first collected data on FDA-approved cancer drugs.
For each drug in our sample, we identified its first
approved indication. We extracted information on the
characteristics and results of the main clinical studies
supporting regulatory decisions, including study phase
(I-III), randomisation (Randomised Controlled Trial,
RCT or not), comparator (none, active comparator, pla-
cebo, or add-on therapy), control arm, masking (open,
blinded), endpoints, and dates of manufacturer sub-
mission, and FDA marketing authorisation. We also
recorded the regulatory pathway (i.e., priority review,
fast-track designation, accelerated approval pathway,
breakthrough therapy designation), or Orphan Drug
Act designation. For all matched cancer drug in-
dications, we extracted corresponding data from Anvisa
(Supplementary Table S1).

Next, we reviewed information on the Brazilian
pricing approval reports, listing dates of submission, and
approval, factors leading to price decisions, including
external reference prices, and approved category (with or
without added therapeutic benefit) and price, at the time
of price approval in Brazil. We subsequently collected
data on drugs’ supporting evidence, comparative efficacy
in their approved indications, as determined by the
Brazilian authority (Supplementary Table S1).

Categorisation of evidence
Cancer drugs with marketing authorisation at FDA and
Anvisa were categorised according to the availability of
RCTs, classified as high quality evidence by the GRADE
(Grading of Recommendations, Assessment, Develop-
ment, and Evaluations) (https://bestpractice.bmj.com/
info/toolkit/learn-ebm/what-is-grade/), documented ev-
idence of statistically significant OS benefit, and sub-
stantial clinical benefit supporting the approved
indication. In the RCTs, participants were randomly
allocated to receive either the study drug, or an active
comparator, standard therapy, or placebo. Non-
comparative randomised trials, or studies comparing
different doses of the same drug, without a control
group, were not considered as RCTs.

We classified the control arm as optimal, or sub-
optimal.21,22 The quality of a control arm in RCTs was
considered suboptimal when (a) there were restrictions
on the choice of control that excluded other potentially
equivalent agents, or (b) the control arm was specified
but the recommended agent was potentially inferior.21,22

Consistent with previous studies, we systematically
coded the availability of documented evidence of OS
benefit (Supplementary Table S3).19,23 We also docu-
mented the availability of statistically significant Pro-
gression Free Survival (PFS) result, when PFS was the
primary endpoint in main studies.

We defined the availability of substantial clinical
benefit using the European Society of Medical Oncology
—Magnitude of Clinical Benefit Scale (ESMO–MCBS),
which is a publicly available validated and reproducible
scale to assess clinical benefit of cancer drugs for solid
tumours. Scores A or B in the curative setting and 4 or 5
in the non-curative setting indicate a “substantial
magnitude of clinical benefit”.24 We used scorecards
available on the ESMO-MCBS website. We also noted if
new cancer drugs were categorised as having added
therapeutic benefit (category I) or not (category II) at the
time of pricing approval in Brazil.

Analysis
Duration of regulatory review by the FDA and Anvisa
was defined as the number of days between submission
and marketing authorisation. For the FDA, the mar-
keting authorisation was the date of the decision
communication and for Anvisa, the date of publication
in the official gazette (Diário Oficial da União, DOU).

In Brazil, the duration of pricing review was defined
as the number of days between submission to CMED
and pricing approval. Medicines are allowed to enter the
market only after marketing authorisation and maxi-
mum pricing approval.

To evaluate a possible association between time-to-
marketing authorisation in Brazil since FDA approval
and strength of available evidence (i.e., availability of
RCT, OS benefit, substantial clinical benefit and added
therapeutic benefit), we performed a log-rank test using
the Kaplan Meier method. We repeated this analysis for
time from FDA approval to Anvisa application and re-
view time at Anvisa. To compare the characteristics of
evidence supporting regulatory approval of new cancer
drugs in the US and Brazil, we used Fisher-exact tests.

For each drug, we identified maximum ex-factory
prices for all approved presentations (pack sizes,
dosage form, concentration), and corresponding US
reference prices. Inclusion for price analysis depended
on availability of price in the US and Brazil, and cate-
gorisation of added therapeutic benefit. The median
price per concentration unit (mg, mg/ml, mg/dose)
was obtained for each drug in the US and in Brazil (in
BRL). Brazilian maximum authorised ex-factory prices
were converted into US PPP (Purchasing Power Parity)
with the exchange rate of the Organisation for Eco-
nomic Cooperation and Development (OECD) (https://
data.oecd.org/conversion/purchasing-power-parities-
ppp.htm) in the year of approval and the price differ-
ence between the two countries was calculated. A
comparison of median price differences according to
(i) availability of RCTs, (ii) evidence of documented OS
benefit, (iii) substantial clinical benefit (at FDA
approval), and (iv) added therapeutic benefit (at the
time of price approval in Brazil) was calculated. All
differences were expressed in percentages. Medians
were compared using Wilcoxon sum rank test. We
considered p < 0.05 as statistically significant in all
analyses. Analyses were performed using Stata 14 and
SAS 9.4.
www.thelancet.com Vol 22 June, 2023
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Ethics statement
No confidential information was used in this research.
Data not publicly available was obtained under the
provisions of the Brazilian Law of Access to Informa-
tion. Access to these resources was approved by Anvisa
and SCMED. According to Brazilian legislation, this
research did not involve human subjects and Institu-
tional Review Board approval was not required.

Role of the funding source
No funding was received for this study.

Results
Sample characteristics
From 2010 to 2019, 377 new medicines received mar-
keting authorisation by the FDA. Of 101/377 (26.8%)
new cancer drugs, 93/101 (24.7%) had a single active
ingredient/moiety. After identifying matching in-
dications in Brazil, our study sample included 56/101
cancer drugs with 58 indications, corresponding to
60.2% of cancer drug approvals during the study period
in the US (Table 1).

Sample characteristics are summarised in Table 2.
The sample included 19/56 (33.9%) new chemical
Active Ingredient/
Moiety

Common indication FDA/Anvisaa

Cabazitaxel Hormone-refractory metastatic prostate canc

Eribulin mesylate Metastatic breast cancer

Ipilimumab Unresectable or metastatic melanoma

Vandetanib Irresectable or metastatic locally advanced m

Abiraterone acetate Metastatic castration-resistant prostate canc

Vemurafenib Unresectable or metastatic melanoma with B

Brentuximab vedotin Hodgkin lymphoma/systemic anaplastic large

Crizotinib Locally advanced or metastatic non-small ce
kinase (ALK)-positive

Ruxolitinib Intermediate or high-risk myelofibrosis, inclu
myelofibrosis and post-essential thrombocyt

Axitinib Advanced renal cell carcinoma

Vismodegib Metastatic basal cell carcinoma, or locally ad

Pertuzumab Growth factor receptor 2 (HER2)-positive me

Carfilzomib Multiple myeloma

Enzalutamide Metastatic castration-resistant prostate canc

Cabozantinib Advanced renal cell carcinoma (RCC)

Ponatinib 1) Chronic phase, accelerated phase, or blast
intolerant to prior tyrosine kinase inhibitor t
lymphoblastic leukemia (Ph + ALL)

Obinutuzumab Chronic lymphocytic leukemia

Afatinib Metastatic non-small cell lung cancer (NSCLC
receptor (EGFR)

Trametinib Unresectable or metastatic melanoma with B

Dabrafenib Unresectable metastatic melanoma with BRA

Ado-trastuzumab
emtansine

HER2-positive, metastatic breast cancer

Nivolumab Unresectable or metastatic melanoma

www.thelancet.com Vol 22 June, 2023
entities and 37/56 (66.1%) new biologicals. All drugs
were included in at least one FDA expedited develop-
ment or review programme. The main cancer sites, ac-
cording to the matched indications, were lymphatic and
hematopoietic systems, and related tissues (11/58,
18.9%), followed by skin (10/58, 17.2%) breast (7/58,
12.1%), and lung cancer (6/58, 10.5%) (Supplementary
Table S4).

Marketing authorisation times and maturity of
evidence
The median duration of time between marketing
authorisation at FDA and Anvisa of the matched cancer
drug indications was 522 days (IQR: 351–932 days)
(Supplementary Fig. S2).

Thirty-four (34/56, 60.7%) cancer drugs had RCTs as
main clinical studies at the time of FDA approval. The
time between FDA and Anvisa marketing authorisation
was 506 days (IQR: 425–672) for drugs with RCTs as
main clinical studies, and 760 days (IQR: 423.8–1116)
for drugs without RCTs as main clinical studies (p-
value = 0.031) (Fig. 1 panel a).

At the time of FDA approval, 12/56 (21.4%) drugs
had documented evidence of OS benefit. Median time to
Time for MA
approval at
FDA (days)

Time for MA
approval Anvisa
(days)

er 78 158

230 523

273 423

edullary thyroid cancer 273 355

er 129 166

RAFV600E mutation 111 213

cell lymphoma 172 577

ll lung cancer (NSCLC) that is anaplastic lymphoma 149 1146

ding primary myelofibrosis, post-polycythemia vera
hemia myelofibrosis

166 581

288 1487

vanced basal cell carcinoma 144 1312

tastatic breast cancer 183 454

297 278

er 101 676

125 172

phase chronic myeloid leukemia (CML), resistant or
herapy or 2) philadelphia chromosome positive acute

78 208

193 605

) whose tumuors have epidermal growth factor 239 193

RAF V600 mutations 299 258

F V600E mutation 303 1147

179 374

145 325

(Table 1 continues on next page)
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Active Ingredient/
Moiety

Common indication FDA/Anvisaa Time for MA
approval at
FDA (days)

Time for MA
approval Anvisa
(days)

(Continued from previous page)

Olaparib BRCA mutated advanced ovarian cancer 319 473

Blinatumomab Philadelphia chromosome-negative relapsed or refractory Bcell precursor acute lymphoblastic
leukemia (ALL).

75 853

Pembrolizumab Unresectable or metastatic melanoma 189 353

Ramucirumab Gastric Cancer (Advanced gastric cancer or gastro-esophageal junction adenocarcinoma) 241 542

Siltuximab Multicentric Castleman’s disease (MCD) 236 361

Belinostat relapsed or refractory peripheral T-cell lymphoma (PTCL). 206 397

Alectinib Anaplastic lymphoma kinase (ALK)-positive, metastatic non-small cell lung cancer (NSCLC) 158 209

Elotuzumab Multiple myeloma 154 535

Ixazomib Multiple myeloma 133 642

Daratumumab Multiple myeloma 130 404

Cobimetinib Unresectable or metastatic melanoma with a BRAF V600 mutation 334 402

Lenvatinib Differentiated thyroid cancer 183 567

Palbociclib Postmenopausal women with estrogen receptor (ER)-positive, human epidermal growth factor
receptor 2 (HER2)-negative advanced breast cancer

174 522

Osimertinib Metastatic epidermal growth factor receptor (EGFR) T790M mutation positive non-small cell lung
cancer (NSCLC)

161 362

Olaratumab Advanced soft tissue sarcoma (STS) 238 312

Atezolizumab Locally advanced or metastatic urothelial carcinoma 127 495

Venetoclax Chronic lymphocytic leukemia (CLL) with 17p deletion 165 825

Acalabrutinib Mantle cell lymphoma (MCL) 140 213

Abemaciclib Hormone receptor (HR)-positive, human epidermal growth factor receptor 2 (HER2)-negative
advanced or metastatic breast cancer

146 238

Inotuzumab ozogamicin Relapsed or refractory B-cell precursor acute lymphoblastic leukemia (ALL) 240 157

Durvalumab Locally advanced or metastatic urothelial carcinoma 200 305

Midostaurin Acute myeloid leukemia (AML) that is FLT3 mutation positive 242 285

Brigatinib Anaplastic lymphoma kinase (ALK)-positive metastatic non-small cell lung cancer (NSCLC) 242 383

Avelumab Metastatic Merkel cell carcinoma (MCC) 181 313

Ribociclib Postmenopausal women with hormone receptor (HR)-positive, human epidermal growth
factor receptor 2 (HER2)-negative advanced or metastatic breast cancer.

196 487

Gilteritinib Relapsed or refractory acute myeloid leukemia (AML) with a FLT3 mutation 244 228

Larotrectinib Solid tumuors with neurotrophic receptor tyrosine kinase (NTRK) gene fusion 245 327

Lorlatinib Anaplastic lymphoma kinase (ALK)-positive metastatic non-small cell lung cancer (NSCLC) 332 192

Cemiplimab-rwlc Metastatic cutaneous squamous cell carcinoma (CSCC) or locally advanced CSCC 212 145

Apalutamide Non-metastatic castration-resistant prostate (nm-CRPC) 127 242

Darolutamide Non-metastatic castration-resistant prostate cancer (nm-CRPC) 154 208

Polatuzumab vedotin-piiq Relapsed or refractory diffuse large B-cell lymphoma 173 235

Alpelisib Hormone receptor (HR)-positive, human epidermal growth factor receptor 2 (HER2)-negative,
PIK3CA-mutated, advanced or metastatic breast cancer in postmenopausal women, and in men.

157 167

Erdafitinib Locally advanced or metastatic urothelial carcinoma, with susceptible FGFR genetic alteration 206 277

Median 182 358

IQR (145.5–240.5) (231.5–529)

Notes: FDA: Food and Drug Administration; Anvisa: Brazilian Health Regulatory Agency; MA: marketing authorisation; IQR: interquartile; time indicated in days. aThe common indication at FDA and Anvisa
corresponds to the specific indication explored in the present study.

Table 1: Sample drugs with common indication, and time to approval at FDA and Anvisa.

Articles

6

Anvisa marketing authorisation was 390 days (IQR:
188.3–711.3) for drugs with OS benefit at the time of
FDA approval and 543 days (IQR: 14.8–996) for drugs
without such benefit (p-value = 0.019) (Fig. 1 panel b).
There were no statistically significant differences for
time to Anvisa marketing authorisation according to
availability of substantial clinical benefit (ESMO-MCBS
scores four or five at the non-curative settings).

Prices were approved in Brazil a median of 630 days
(IQR: 459.8–1054) after FDA marketing authorisation,
and a median of 95 days (IQR: 88–135) after Anvisa
marketing authorisation (Supplementary Fig. S2).
www.thelancet.com Vol 22 June, 2023
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Characteristics (US FDA approvals) Drugs in the cohort
(n = 56)

Numbera % (in sample)

Regulatory classification

New chemical entity 19/56 33.9

New biological application 37/56 66.1

Regulatory pathway

Priority review 52/56 92.9

Orphan drug designation 37/56 66.1

Accelerated approval 24/56 42.9

Breakthrough therapy 30/56 53.6

Fast track designation 29/56 51.8

First-in-class 23/56 41.1

First approved in the US 46/56 82.1

aTotal number of drugs in the sample n = 56. More information on FDA special
approval pathways can be found at: https://www.fda.gov/patients/learn-about-
drug-and-device-approvals/fast-track-breakthrough-therapy-accelerated-
approval-priority-review.

Table 2: Regulatory classification, pathway of the sample drug
approvals at the time of marketing authorisation of the first
indication at FDA from 2010 to 2019.

Articles
Comparison of the evidence submitted for
regulatory approval in the US and Brazil
Characteristics of main studies supporting marketing
authorisation in the US and Brazil are summarised in
Table 3. A greater proportion of cancer drugs had RCTs
(75% vs 60.7%, p = 0.16), RCTs with active comparators
(42.9% vs 21.4%, p = 0.025), and evidence of docu-
mented OS benefit (42.9% vs 21.4%, p = 0.025) at the
time of Brazil marketing authorisation compared to the
US. The proportion of drugs with a statistically signifi-
cant PFS result was similar in the US and Brazil (25.0%
vs 35.7%, p = 0.30). At the time of FDA approval, 11/56
Fig. 1: Probability of approval at Anvisa according to existence of RCT
Notes: Anvisa: Brazilian Health Regulatory Agency; FDA: Food and Drug
survival benefit.

www.thelancet.com Vol 22 June, 2023
(19.6%) drugs had substantial clinical benefit (ESMO-
MCBS score ≥4, non-curative setting) compared to 16/
56 (28.6%) at the time of Brazil marketing authorisation.
Data on ESMO-MCBS was available for 26/56 drugs at
the FDA, with 15 drugs classified as MCBS one to three.
At Anvisa, data was available for 29/56 drugs, with 13 of
them classified as MCBS two to three.

One-third (17/56) of drugs were approved in Brazil
based on the same main studies with same outcome
status as those supporting FDA approvals. When the
same main study was used, 23/56 (41.1%) had more
mature data by the time of Anvisa marketing author-
isation (Fig. 2).

Difference in cancer drug prices in the US and Brazil
Overall, PPP-adjusted median prices were 12.1%
(IQR: −50.3%; 13.9%) lower in Brazil compared with
median prices in the US, with substantial variation. The
median price difference was larger for the subset of
drugs with RCT at the time of FDA approval compared
to those without such evidence (−22.6% vs 4.0%;
p = 0.043). However, there was no statistically signifi-
cant association between median price differences ac-
cording to documented evidence of OS benefit (−5.8%
vs −12.1%) p = 0.46), or availability of substantial clinical
benefit (−21.4% vs −57.3%; p = 0.10), Fig. 3.

Following a comparative effectiveness assessment
conducted by the Brazilian regulator, 27/56 (48.2%)
cancer drugs had their prices authorised in category I
(added therapeutic benefit) while 28/56 (50%) were
authorised in category II (no added therapeutic benefit).
PPP-adjusted median prices for drugs with added ther-
apeutic benefit were 5.9% higher in Brazil compared to
US prices, while prices for those without added benefit
were 17.9% lower in Brazil than in the US (p = 0.034).
(panel a) and overall survival benefit at FDA approval (panel b).
Administration; RCT: randomised controlled trial; OS benefit: overall
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Main clinical trial characteristics US/FDA Brazil/Anvisa p-value

n (%) n (%)

Drugs with Randomised Controlled Trial
(RCT) as main studies

34/56 (60.7) 42/56 (75.0) 0.16

Primary endpointa

Overall survival (OS) 10/56 (17.9) 16/56 (28.6) 0.27

Progression free-survival (PFS) 17/56 (30.4) 23/56 (41.1) 0.34

Other 3256 (57.1) 23/56 (41.1) 0.016

Type of control arm of the RCTs

Active comparator 12/56 (21.4) 24/56 (42.9) 0.025

Placebo controlled 16/56 (28.6) 19/56 (33.9) 0.064

Add-on therapy 6/56 (10.7) 6/56 (10.7) 1

Adequacy of control arm

Optimal 13/56 (23.2) 19/56 (33.9) 0.30

Suboptimal 9/56 (16.1) 13/56 (23.2) 0.48

Clinically relevant outcome

Overall Survival Benefit 12/56 (21.4) 24/56 (42.9) 0.025

Substantial Clinical Benefitb 11/56 (19.6) 16/56 (28.6) 0.42

Bold p-value indicates that the correspondent difference is statistically significant. aSome studies had more than
one primary endpoint. bEuropean Society of Medical Oncology—Magnitude of Clinical Benefit Scale (ESMO-
MCBS) ≥4, data available with ESMO-MCBS classification n = 26 drugs at the FDA and n = 29 drugs at Anvisa.

Table 3: Characteristics of main studies supporting marketing authorisation of cancer medicines in
the US and in Brazil.

Articles
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Discussion
In this study, we compared the evidence supporting
regulatory decisions and prices of new cancer drugs in
the US and Brazil. Approximately 60% (56/101) of US-
approved cancer drugs from 2010 to 2019 received
marketing and pricing authorisation for matching
Fig. 2: Comparison of main studies supporting marketing authorisation
of drugs; (a) 8/56 drugs were approved in Brazil (Anvisa) with different m
in Brazil; (b) 48/56 drugs were approved in Brazil with the same main stu
24 were accompanied by additional studies.
indications in Brazil by December 2020. Cancer drugs
with stronger evidence and more meaningful clinical
benefit at FDA approval received earlier marketing
authorisation in Brazil. By the time of the Brazilian
marketing authorisation, most cancer drugs had more
mature evidence, with a greater proportion of drugs
with RCTs as main studies and documented (statistically
significant) evidence of OS benefit than those approved
in the US. However, half of the drugs did not demon-
strate added therapeutic benefit over other authorised
drugs for the same indication in Brazil.

Maximum approved PPP-adjusted median prices
were 12.1% lower in Brazil compared with those in the
US. For drugs with added therapeutic benefit, PPP-
adjusted median prices were 5.9% higher in relation
to US prices, while for those without added benefit,
median prices were 17.9% lower (p = 0.034). This
finding is consistent with those from earlier studies,
which revealed large price differences across different
countries. Ex-factory price differences (not adjusted for
PPP) of 31 originator cancer drugs in 16 European
countries, Australia, and New Zealand ranged from 28%
to 388%.25

Our finding that drugs with stronger evidence of
benefit at the time of FDA approval were available
earlier in the Brazilian market deserves further
comment. No statistically significant difference was
found in the duration of regulatory review for products
with stronger evidence at the time of FDA approval
(results not shown). Instead, pharmaceutical companies
appeared to prioritise regulatory submissions in Brazil
in the US and Brazil and their outcome status. Notes: n = number
ain studies, five of them had the US (FDA) main studies as supportive
dies as in the US, half of them (24/48) had the same main study and
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Fig. 3: Median price difference between cancer drugs approved in the US (2010–2019) and Brazil. Notes: RCT: randomised controlled trial;
OS Benefit: overall survival benefit; and Substantial Benefit: substantial clinical benefit according to the European Society of Medical Oncology—
Magnitude of Clinical Benefit Scale (ESMO-MCBS) ≥4] at the time of marketing authorisation—parameters measured at Food and Drug
Administration (FDA); Added Therapeutic Benefit at price approval—parameter measured at Drug Market Regulatory Chamber (CMED). Prices
are PPP-adjusted.

Articles
for products with better evidence. The median duration
of time between FDA approval and Anvisa submission
was shorter for drugs with RCTs as main studies vs
those without (49 vs 246 days), and drugs with docu-
mented evidence of OS benefit (44 vs 155 days).

A prevailing argument made by pharmaceutical
companies, and supported by some patient groups and
clinicians, is that greater uncertainty of clinical benefit is
an acceptable trade-off for faster access to promising
cancer treatments. Drugs approved with less complete
data than what is traditionally required (for example on
the basis of surrogate endpoints or without RCTs) do
not reliably demonstrate meaningful clinical benefit for
patients.26 According to earlier studies, ineffective
treatments can remain on the market for long periods of
time.27 Although there was a time lag between cancer
drug indication approvals in the US and Brazil, more
drugs that received marketing authorisation in Brazil
had more mature clinical evidence.

Our findings highlight the need to incentivise phar-
maceutical companies to generate comparative evidence
on new cancer drugs.2,10 Incorporating elements of
health technology assessment into drug development
could help improve the timely provision of robust
comparative data for regulatory decision.28,29 Doing so
may require revising regulatory evidence requirements.
www.thelancet.com Vol 22 June, 2023
Early, frequent, and transparent interactions between
regulators and drug manufacturers, for example through
joint scientific advice from regulatory clinical trials,
marketing authorisation, post-marketing surveillance,
and pricing authorities could clarify evidence standards,
and send a strong signal to manufacturers about the type
of evidence that will be rewarded with more favourable
regulatory and pricing outcomes. Crucially, such re-
forms in individual countries may have a limited effect,
considering that most clinical trials are conducted in
multiple countries, and regulations are usually agreed
under harmonisation and reliance mechanisms.

The current pricing mechanism in Brazil relies on
health technology assessment to identify the added
therapeutic benefit of new drugs in relation to existing
therapeutic options and combines this with internal and
external reference pricing. During our study period,
Brazilian authorities authorised lower prices for cancer
drugs with no evidence of added therapeutic benefit
over existing alternatives. Our finding that drugs with
evidence of RCTs and substantial clinical benefit had
higher prices in Brazil can suggest the value prioritisa-
tion of drugs with these characteristics. Nevertheless,
pricing is only conducted at market entry and is not
subsequently revised (even when new therapeutic al-
ternatives or generic versions are available). It does not
9
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10
distinguish among different grades of evidence or
magnitudes of clinical benefit, and neither employs PPP
adjustment.

Although the Brazilian regulatory framework is
designed to prevent drugs without added therapeutic
benefit costing more than existing alternatives, making
regulatory decisions based only on nominal price ref-
erences may be misleading. Therefore the use of PPP as
part of the pricing methodology could be considered.30

In addition, adopting a lifecycle approach and revising
the price when new evidence or new therapeutic alter-
natives (or generic versions) emerge could be consid-
ered. A regulatory performance assessment of the
existing regulatory framework and regulatory impact
assessment of potential reforms could help inform
future policy decisions.

Policymakers in other settings should consider
whether a combination of approval and pricing regula-
tions can achieve a balance between timely access to
new cancer drugs and a minimum clinical evidence
threshold for market entry.2,10 The evidence provided by
this study suggests that regulatory requirements and a
comprehensive review, combined with the assessment
of added therapeutic benefit as a criterion for price
setting in Brazil, may contribute to prioritising drugs
with better evidence and more meaningful clinical
benefit by pharmaceutical companies.

Study limitations
There are some limitations to this study. Study charac-
teristics and outcomes reported in FDA, Anvisa and
CMED assessment reports were occasionally ambig-
uous, or incomplete, and it was sometimes difficult to
establish if the reported information corresponded to
the same study in different settings. To address this
issue, we consulted Clinicaltrials.gov and published
studies, as needed. The ESMO-MCBS information was
limited to cancer drugs targeting solid tumours and was
only available for part of the sample. The study reviewed
maximum approved prices in Brazil and “list” prices in
the US, which are used in external reference pricing in
Brazil. These prices may differ from actual prices.

Conclusions
Compared to the US, Brazil’s pharmaceutical regula-
tory framework, which combines marketing and pric-
ing authorisation, favours the faster availability of
drugs with better clinical evidence and rewards evi-
dence of added clinical benefit. Brazilian pricing
regulation ensures that drugs without documented
evidence of added therapeutic benefit are not allowed to
have higher prices than existing alternatives on the
market. However, our findings suggest that the Bra-
zilian system shows variable degrees of success in
securing lower prices, as cancer drug with added
therapeutic benefit were more expensive in Brazil than
in the US (after PPP adjustment).
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