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Mapping the scope of drug patents
Narrowing patents that claim more than they disclose would open space for rival innovators, not generics

Janet Freilich,1 Kasper Dinkla,2 Gerhard Ingmar Meijer,2 Lisa Larrimore Ouellette3

D rug developers have historically sought broad “genus” pat-
ents covering millions or billions of chemical structures de-
signed to keep competitors far away from a protected drug. 
This may no longer be possible. In the United States, many 
cases over the past decade—including the 2023 Supreme 

Court decision Amgen Inc. v. Sanofi—have invalidated broad patents 
because they fail to disclose sufficient information about the many com-
pounds they cover (1). Our analysis of a genus patent dataset indicates 
that large portions of claimed chemical space are far enough from any 
disclosed example that standard cheminformatics tools would not 
predict shared biological activity, suggesting that these patents claim 
beyond what their data credibly support. The approved drug is struc-
turally central among disclosed examples, suggesting that broad pat-
ents function as strategic “moats” around identified leads rather than 
as placeholders for exploration. Narrowing patents’ scope may open 
space for competing innovators without chilling early-stage research.

Pharmaceutical firms typically protect their investments with mul-
tiple patents, each containing distinct legal “claims” that define the 
boundaries of the patent. The first, foundational patent often in-
cludes broad claims in Markush format—named after chemist Eugene 
Markush who pioneered the technique in 1923—which specify a core 
molecular scaffold with variable substituent groups at defined posi-
tions, allowing a single claim to encompass 
numerous distinct chemicals (2). This pat-
ent, filed years before a drug enters clini-
cal trials, creates a protection perimeter 
that may provide flexibility for lead opti-
mization or block structurally proximate 
competitors.

In the US and other countries, a patent 
must disclose sufficient information for a 
skilled person in the field to make and use 
the full scope of the claim (1). Unlike drug 
approval, which requires extensive human 
clinical trials, patent protection requires 
only a credible basis for asserting that a 
drug will work, such as in vitro assays or 
animal studies. Satisfying even this low 
bar for a large genus can be challenging, 
as jurisdictions such as the US (the world’s 
largest pharmaceutical market) and Eu-
rope require sufficient disclosure over the 
whole range of a patent claim.

To evaluate how these legal require-
ments could affect drug development and 
patenting strategy, we mapped the chem-
ical space defined by Markush claims, 
the structures specifically disclosed and 
tested in patents, and the structures of 
the approved drugs. Our results reveal a 
striking gap between claimed scope and 
evidentiary support, with implications 

for pharmaceutical patents, generic entry, innovator competition, 
and drug development in the post-Amgen era. 

MAPPING DRUG PATENTS
To construct our dataset of genus patents associated with approved 
drugs, we began with patents listed in the US Food and Drug Adminis-
tration’s (FDA’s) Approved Drug Products with Therapeutic Equivalence 
Evaluations, where brand-name firms are required to list patents cover-
ing a drug under the Hatch-Waxman framework that governs generic 
entry. From this list of 12,516 patents, we filtered to patents designated 
as “drug substance” (covering the active ingredient) with priority fil-
ing dates on or after 1 January 2000, selecting the earliest priority-date 
patent for each drug. We manually reviewed the remaining 318 patents 
(covering 415 drugs), to retain only Markush-format genus compound 
claims where all disclosed molecules were depicted as chemical struc-
tures, yielding 73 patents, each covering a distinct drug. 

Drug patents often cover a genus of millions or billions of related 
structures and specifically disclose a small subset as exemplars. We ex-
tracted all structures specifically disclosed in the 73 patents as SMILES 
(Simplified Molecular Input Line Entry System, a text-based notation 
representing molecular structures) using the PatCID (Patent-extracted 
Chemical-structure Images database for Discovery) open-access da-

tabase of chemical structures in patent 
documents (3). We manually labeled the 
evidentiary support in the patent for each 
molecule as (i) disclosed only (listed without 
additional information); (ii) synthesized; 
(iii) tested in vitro; or (iv) tested in vivo. 
We excluded structures appearing solely 
as comparators, background information, 
intermediates, or reactants, leaving 13,005 
disclosed structures across the 73 patents 
(median 100 per patent, interquartile range 
45 to 234), of which 11,209 were synthesized 
(median 79 per patent, interquartile range 
36 to 189), 5985 were tested in vitro (me-
dian 53 per patent, interquartile range 12 to 
158, for the 61 patents that included in vitro 
tests), and 114 were tested in vivo (median 3 
per patent, interquartile range 1 to 6, for the 
24 patents that included in vivo tests).

This approach has limitations. We do not 
capture patents with molecules in forms 
other than drawn structures, including 
proteins. We also do not capture patents 
outside of the US FDA’s registry, including 
drugs in clinical trials that are not approved. 

We then turn to the scope of the pat-
ent’s Markush claim, which is legal lan-
guage that defines the possible structures 
covered by the patent—often many more 
structures than those disclosed. As an 

Visualizing disclosed structures
Markush structure from Claim 1 of US Patent No. 

9,474,779 (top). The drug ivosidenib and the patent’s 

disclosed structures, including those tested in vitro, are 

mapped using uniform manifold approximation and 

projection (UMAP) onto the chemical space defined by 

synthetic structures from that claim (bottom).
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example, a patent might claim all structures with a specified core 
molecular scaffold and variable substituent groups (so-called R-
groups). For example, a patent might claim “a compound of formula 
(I) wherein R1 is C1–C6 alkyl or C3–C6 cycloalkyl; and R2 is hydrogen 
or halogen.” The patents in our dataset often define dozens of R-
groups with hundreds of members each, creating claims that can 
encompass billions of structures.

We cannot enumerate billions of structures, so we approximated the 
chemical space claimed by these patents by using a subset of 10,000 
synthetic (computer-generated) structures that are covered by each pat-
ent claim. To do this, we manually extracted the scaffold and R-group 
definitions from Claim 1 of each patent. Using Anthropic’s large lan-
guage model Claude Sonnet 4.5, we generated the 10 simplest members 
of each R-group [see supplementary materials (SM)]. We then randomly 
selected a member from each R-group pool, attached these to the scaf-
fold to generate a synthetic structure, and repeated this process until 
reaching 10,000 structures. Manual review by a chemistry PhD of a ran-
dom subset of R-groups found errors in 1.1% of R-group members (2 of 
187 R-group members across 12 patents). 

Although this approach captures only a fraction of possible struc-
tures and is biased toward simpler options, it provides a tractable sam-
ple for comparing claimed versus disclosed chemical space (see the first 
figure; and see fig. S4 for a contrasting example). This bias likely even 
overstates similarity between the sampled claimed chemical space and 
disclosed structures. 

Because molecular structure is linked to function, medicinal chem-
ists routinely compute structural similarity between compounds to 
predict whether untested compounds will share biological activity with 
known molecules. For robustness, we use four commonly used simi-
larity metrics: Tanimoto similarity coefficients between molecules en-
coded using Morgan, MACCS (Molecular Access System), and Daylight 
fingerprints, and maximum common substructure. Unless otherwise 
specified, Tanimoto similarity coefficients reported here use 2048-bit 
Morgan (radius 2) fingerprints and were computed using RDKit (see 
SM for other similarity measures).

Tanimoto similarity coefficients run from 0 (no similarity) to 1 
(largely identical). For Morgan fingerprints, Tanimoto similarity coef-
ficients above 0.3 can be used as a rough permissive relevance cutoff, 
indicating enough structural overlap that it is reasonable to exam-
ine whether compounds might share activity (a conservative bench-
mark—many studies use thresholds of 0.55 or higher) (4–6). Although 
structural similarity does not guarantee functional similarity, and fin-
gerprints are imperfect representations, these metrics are standard 
tools in drug development.

GAP BETWEEN PATENT CLAIMS AND DISCLOSURES 
For each patent, we mapped each synthetic claimed structure to its 
most similar disclosed structure. Across our sample, the median Tani-
moto similarity coefficient between a synthetic claimed structure and 
its most similar disclosed structure is 0.29 (interquartile range 0.21 to 
0.36), below the conservative 0.3 threshold (see the second figure). In 
other words, even under conservative assumptions about both claim 
scope and threshold for shared bioactivity, much of the claimed chemi-
cal space is so distant from any disclosed structure that shared biologi-
cal activity would not be predicted. This reinforces the Supreme Court’s 
concern that disclosure of some species may not adequately teach oth-
ers how to make and use the invention.

By contrast, the disclosed structures form a close cluster: The median 
Tanimoto similarity coefficient between a disclosed structure and its 
nearest neighbor is 0.83 (interquartile range 0.79 to 0.85) (see the sec-
ond figure). The approved drug covered by the patent is part of an even 
tighter cluster of disclosed structures: The median Tanimoto similarity 
coefficient between the approved drug and its nearest neighbor is 0.87 
(interquartile range 0.82 to 0.90).

Disclosure requirements are legal standards, not quantitative ones; 
however our data suggest that many of these patents may be vulnerable 
to invalidation because disclosure requirements are not met. First, the 
patents disclose only a fraction of the chemical space they claim. The 
US Federal Circuit has analogized overly broad genus claims to “a plot 
of land [where] the disclosed species only abide in a corner of the ge-
nus” [(7), page 1300]. Our quantitative analysis suggests that many drug 
patent claims are consistent with this metaphor, with disclosed struc-
tures representing only a small, structurally similar, subset of the vast 
chemical territory claimed. Second, even among disclosed structures, 
many lack experimental evidence of biological activity. Scholars have 
questioned whether disclosing a chemical structure alone—without 
testing—satisfies patent law’s requirement that applicants provide cred-
ible evidence that their invention works (8, 9). Finally, claims must also 
be “definite:” A claim so broad and structurally diverse that a skilled 
person in the field cannot understand its boundaries is invalid.

GENERIC ENTRY REMAINS BLOCKED
A common assumption in policy debates is that invalidating broad 
genus claims on the basis of precedents like Amgen v. Sanofi will ac-
celerate generic entry. Our data suggest otherwise. Pharmaceutical pat-
ents often include both the broad genus claims described above and 
narrower claims to just one molecule that is discussed in depth in the 
patent. Even if broad claims are invalidated, if an approved drug itself 
is adequately disclosed in a patent, a narrow claim to that compound 
blocks generic entry and is less vulnerable to invalidation.

Although a patent can claim a drug without disclosing it, in our 
sample, 66 of the 73 patents (90%) explicitly disclosed the approved 
drug. Each of the seven undisclosed drugs is covered by later-priority 
patents that disclose the drug and also create barriers to generic en-
try. Additionally, the median Tanimoto similarity coefficient between 
these undisclosed drugs and the nearest disclosed structure was 0.68 
(interquartile range 0.51 to 0.77). Although the Amgen decision will not 
broadly accelerate generic entry, specific patent types may be more at 
risk. It is possible that patents that do not disclose the drug are filed 
earlier in the drug development process (10); suggestively, none of the 
seven patents have in vivo experiments, compared to 24 (36%) of the 66 
patents that do disclose the approved drug.

NARROWING THE MOAT, NOT IMPEDING RESEARCH
If generic entry is largely unaffected by invalidation of broad genus 
claims, what is the impact of stricter disclosure standards? There 
are two competing narratives about the function of broad drug pat-
ent claims. One is that patents are filed at a stage when researchers 
have identified the general structure for their drug but not refined their 
lead candidate; broad patents stake out an area of chemical space for 

The gap between claims and disclosures
Histograms show the median (by patent) similarity between each synthetic 

claimed structure and the nearest disclosed structure [Claimed (synthetic)]; 

each disclosed structure and its nearest neighbor (Disclosed); and the approved 

drug and the nearest nondrug structure (Drug).
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exploratory work. The other narrative is that researchers have already 
identified potential leads when the patent is drafted but still want broad 
coverage—a “moat” around the drug—to prevent competitors from de-
veloping similar drugs. These accounts have different policy implica-
tions, but distinguishing between them requires quantitative evidence 
about where the drug sits within the patent’s disclosed chemical space.

Our data suggest that the drug patents studied here claim broadly 
to build moats, not to preserve room for lead selection. Although our 
selected sample cannot causally distinguish between these possibilities 
nor reveal patterns for nonapproved drugs where patterns may differ, 
within our sample, the approved drug covered by the patent is central 
by several measures, even though the patents were filed a median of 11 
years (interquartile range 8 to 14 years) before drug approval. First, as 
shown, 90% of the patents disclose the structure of the approved drug. 
Second, we can calculate the centrality of the approved drug among the 
other disclosed structures. If the patent covered an exploratory genus 
with lead selection ongoing, the eventually selected drug might be cen-
tral or peripheral to the set of other disclosed structures. If the patent 
is intended as a moat, the drug should be central. We found the latter. 
In 12 of the 66 patents that disclose the drug (18%), that drug is the 
structural medoid (the disclosed structure whose average distance to 
all other structures is the smallest) relative to all disclosed structures; 
the chance of a random molecule being the medoid is 2% (the mean 
across patents of 1/N, where N is the number of molecules in the pat-
ent). Third, the approved drug is far more likely to be selected for in 
vivo testing than other disclosed compounds: For the 24 patents with 
in vivo testing, 12 (50%) test the approved drug in vivo, compared to a 
4% chance that any molecule from those patents is tested in vivo. This 
is consistent with a strategy of deliberately centering the drug, indica-
tive of a research team that already had a strong lead candidate. This 
pattern is difficult to reconcile with the exploratory account: If broad 
claims were needed to preserve room for eventual lead selection, the 
approved drug would not so frequently be central. 

IMPLICATIONS FOR COMPETITION
The US Supreme Court’s decision in Amgen has heightened disclosure 
standards and reduced patent applicants’ ability to obtain broad claims. 
This will have greater impact on competition among innovator com-
panies developing distinct but related compounds. Broad claims have 
historically allowed first-movers to exclude competitors from related 
chemical space, even for compounds that the patent holder never made 
or tested. If the allowed patent moat contracts to disclosed structures 
plus modest structural extensions, competing innovators may be able 
to develop related drugs without infringement liability, potentially 
increasing later-in-class options available to patients. The structural 
territory at stake is not hypothetical. Many patent infringement cases 
involve later-in-class drugs that allegedly fall within an earlier patent 
claim (1), suggesting that the poorly supported regions of genus claims 
are attempting to reach into the space where therapeutically meaning-
ful competitor drugs are developed. 

The role of broad claims in blocking competing innovators rather 
than generics is further illustrated by the fact that US litigation over 
whether genus claims have adequate disclosure has almost entirely in-
volved suits where the defendant was a brand-name pharmaceutical 
firm, not a generic, suggesting that innovators have more to gain by 
challenging the genus claim (1). And in some of these cases, the patent 
holder failed to develop a drug themselves. Given the breadth of many 
Markush claims, they may exclude not only “me-too” drugs with minor 
structural changes, but also those with more substantial differences. 
This may affect incentives for initial developers by increasing the likeli-
hood of later innovator competition.

PATENTS AND POLICY: MOVING FORWARD
Our findings suggest that stricter enforcement of patent law’s dis-
closure requirements against chemical genus claims will reshape 

pharmaceutical patent strategy, albeit not in the ways some have 
anticipated. Generic entry will remain largely blocked; the protec-
tive moat against other innovators will narrow. 

One natural response will be for applicants to disclose more 
compounds. But as long as patent law permits “prophetic” exam-
ples—compounds described as if synthesized and tested but never 
actually made, and flagged only by a change of grammatical tense 
(11)—increasing disclosure quantity will not address the underlying 
problem that disclosures often reflect little meaningful innovation, 
particularly as generative AI makes it trivial to populate patents 
with thousands of plausible molecular structures (10). 

The more fundamental challenge illustrated by our results is the 
mismatch between information available when drug patent applica-
tions are filed and more rigorous information available later in the 
development process. Patent applications cannot be filed later in the 
drug development process because of risks that the clinical trials will 
preclude patenting by destroying the invention’s novelty (12). The ten-
sion between early patent application filing and meaningful disclosure 
is thus inherent in applying patent law to pharmaceuticals.

One response to circumvent this mismatch is to shift from pat-
ents toward regulatory exclusivity (12). Unlike patents, which must 
be filed before clinical value is known, regulatory exclusivity attaches 
at drug approval and blocks approval of generic versions of the same 
drug for a set period. Thus, the scope of exclusivity could be cali-
brated to information that developers actually provide through ex-
perimental results and clinical trials. Jurisdictions such as the US and 
European Union already provide some regulatory exclusivity for new 
drugs, and decade-old bipartisan US legislation proposed strengthen-
ing this framework, with patent holders waiving enforcement rights 
in exchange for guaranteed FDA-administered exclusivity (12). Such 
a system could provide more tailored incentives for the actual needs 
of pharmaceutical development, without requiring courts to police 
boundaries of chemical space that developers never explored.

Patenting a vast array of chemical structures on the basis of data 
about a small subset may no longer be viable. Our findings suggest 
that the industry can adapt. Patent holders will no longer be able to 
fence off vast, untested chemical territory, but will still have narrow 
claims that protect specific, experimentally supported molecules that 
they actually develop. For an industry long criticized for using broad 
patents to block competition and follow-on innovation, this recalibra-
tion may ultimately prove healthy. And to the extent the narrower moat 
proves inadequate, nonpatent frameworks such as regulatory exclusiv-
ity offer a more targeted alternative to fill the gap. �
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