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Abstract: 

Achieving patent protection for an invention is a costly procedure. The 

patenting process in front of the patent office itself is frequently associated 

with substantial uncertainty about the outcome. This paper aims to identify 

measures to reduce this uncertainty and increase efficiency in patenting by 

investigating so-called world patent applications in chemicals, 

pharmaceuticals, and biotechnology that were subsequently not granted by 

the European Patent Office (EPO). Examination reports of these documents 

were searched for references that were regarded to invalidate novelty or 

inventiveness of the patent application. The results from studying these 

references provide several implications for patent applicants in chemicals, 

pharmaceuticals, and biotechnology: novelty is in many cases anticipated in 

patent literature. Dispersed nonpatent literature frequently anticipates the 

inventive step. Patent searches in the same 4-digit IPC class as the original 
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invention reveal the majority of all relevant prior art in patents. 

Furthermore, inventors and applicants were aware of a considerable share of 

invalidating prior art. This can be explained by a gambling behavior in the 

patenting procedure of large firms, while particularly SMEs encounter 

difficulties in evaluating both novelty and inventive step of their 

“invention”.  
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1. Introduction 

Patent applications are filed to appropriate the returns of successful and 

costly research and development (R&D). The outcome of the patenting 

procedure is a granted patent providing the applicant with the right to 

prevent others from using the invention. The overall patent lifecycle is 

associated with substantial risk and uncertainty, as illustrated in Figure 1. 

{insert Figure 1 about here} 

Over the whole lifecycle there are several business risks and uncertainties 

associated with the patented invention. On the one hand the patent may not 

be commercially valuable (1). A prominent example for such a situation is 

the pharmaceutical industry where patents involve new chemical substances 

that, during the clinical stage of product development, may turn out to show 

severe side effects on the human body and hence, are not commercially 

valuable. Imitability and substitutability face every patented technology and 

are discussed at length in the management literature. In addition to these 

business risks and uncertainties, there are various legal ones. Before the 

patent is granted (2), the applicant has to maneuver through several pitfalls 

in front of the patent office, thereafter (3) he faces the risk of opposition (in 

some countries) and the risk of patent litigation. While the latter issue is 

addressed frequently in the literature (see e.g. [1-3]), the former receives 

little attention from a patent information perspective.  

During the patenting procedure, patent examiners analyze patent 

applications according to valid patent laws. This means that the invention 

needs to fulfill certain criteria such as novelty, the involvement of an 
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inventive step (i.e. the invention may not have been obvious for “the skilled 

man in the art” or in other words – trivial), the invention must be 

commercially applicable. Several areas are excluded from patentability, 

such as algorithms, the treatment of the human or animal body, etc. 

Additionally, the application needs to comply with several formal standards, 

such as the format of the submitted application documents, fees have to 

have been paid, and the invention has to be fully disclosed so that the 

“skilled man in the art” can replicate what shall be protected. The latter 

point is one fundamental aspect of the patent system – disclosure to 

stimulate innovation for legal protection that guarantees, from the legal 

perspective, an appropriate return on investment of the underlying R&D 

effort. Hence, to obtain a granted patent, applicants have to comply with all 

these aspects. On the one side, the applicant has to prove novelty and 

inventive step by describing the background of the invention where 

frequently references are made to prior art. These references should not 

contradict novelty and inventive step. Patent examiners, on the other side, 

scan the relevant literature, mainly patents, in order to find prior art 

documents that anticipate the invention or give indication regarding the 

inventive step. If the examiner reaches the conclusion that parts of the 

claimed invention do not fulfill the criteria of patentability, she discusses the 

patent applications’ claims and cites relevant sources. 

This paper aims to elicit how applicants can reduce risk and uncertainty 

associated with prior art of their patents. The central question is: how can 

applicants be assured of meeting novelty and inventive step? In this context 

examination reports of patent applications which were not granted at the 
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European Patent Office (EPO) are investigated with respect to references 

made by the examiner to prior art that anticipated either novelty or the 

inventive step of the invention, hence preventing the examiner from 

granting the patent. In this context, we try to answer the following 

questions: 

• How important are patent versus nonpatent references? 

• Which matter more for novelty and inventive step? 

• Can applicants know invalidating prior art, and do they? 

• Where to search effectively for relevant patents? 

This paper is organized as follows: in the next section we briefly describe 

the dataset and methodology. Section three discusses the results, 

conclusions follow in section 4. 

2. Methodology and dataset 

As pointed out in the previous section, both novelty and inventive step can 

be assessed through analyzing the references contained in patent documents, 

a field known as (patent) citation analysis. Many papers have been 

published on patent references, following the pioneering work of Narin and 

his colleagues (e.g. [4-9]). In general, the literature distinguishes between 

patent references contained in the full-text of the patent application, so-

called inventor citations originating from the inventor or the patent 

applicant, and so-called examiner citations coming from the patent searcher 

or examiner at the patent offices. These types of references are generally 
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available to the public, either within the published patent applications, in 

search reports, or in the reference section of granted U.S. patents.  

It is well known that these references are quite noisy due to different 

policies at the patent offices: in the United States, patent law requires 

applicants to submit a list with prior art that might be relevant. Frequently, 

examiners include these into the reference list. The European Patent Office 

(EPO) follows the policy to cite only a minimum number of references (for 

a discussion, see [10-13]). Thus, only a subset of all references in patents is 

in fact relevant to assess novelty and the inventive step. These relevant 

references are not necessarily contained in search reports of European 

patents, but in the corresponding examination reports which, in many cases, 

are more exhaustive. Analyses of patent citations that explicitly take into 

account the references from examination reports have not been reported in 

the literature so far. For this paper, therefore, examination reports of the 

EPO are studied to elicit which references exactly invalidated the patent 

application by anticipating novelty or inventiveness. Invalidating in this 

case means that the references were relevant prior art for some claims in the 

patent, not necessarily 100 percent of the claims contained therein. The 

patent documents studied were all patents filed via the World Intellectual 

Property Organization’s (WIPO) Patent Cooperation Treaty (PCT). These 

so-called WO patent applications aimed at a variety of countries and, hence, 

belong to particular important inventions. More specifically, these WO 

patent applications had to have the EPO as designated office, relate to the 

field of chemicals, pharmaceuticals, and biotechnology, and had to have 

failed in the examination procedure. Failure could both have led to an 
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official rejection of the patent application, or to withdrawal of the 

application through the applicant, which in practice frequently occurs when 

the patent office had communicated severe objections against the patent 

application [14]. The sample was drawn from a set of PCT patent 

applications investigated in an earlier publication (see [15]) that analyzed all 

PCT applications with priority dates from the first half of December 1996, 

in total 2,719 applications. Among them, 2,600 had the EPO as designated 

office, and after deleting sets with missing data, 2,564 applications 

remained. Among these 2,564 applications 171 belonged to the technology 

fields investigated, namely organic fine chemicals; macromolecular 

chemistry, polymers; pharmaceuticals, cosmetics; and biotechnology, as 

defined via classes of the International Patent Classification (IPC) by [16]. 

These 171 patent applications were searched in EPOLINE, the European 

patent register. 92 patent applications had to be excluded, either because no 

electronic file was available, the electronic file was incomplete, or no 

examination had taken place. A handful of patent examinations had to be 

excluded because either no proper examination could have been carried out 

due to obscurities relating to the priority date, or the prior art mentioned 

related to earlier, novelty destroying disclosures of the same applicant. The 

remaining 79 patent applications formed the basis for this paper. In many of 

them, invalidating prior art was not the only reason for failure.  

For further analyses, patent family and classification information was 

retrieved from the Derwent World Patents Index (WPINDEX) database. 

Where no information on the patent family’s main class was available in 

WPINDEX, the first IPC class mentioned in the Esp@cenet database was 
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chosen. In the case where inventor’s references were analyzed, the full text 

of the WO patent applications was screened manually. Finally, when the 

WO document was in Japanese, the corresponding European patent 

application was scanned. 

3. Results and Discussion 

Of the 79 WO patent applications identified, 20 had failed in the 

examination procedure even though no invalidating prior art was mentioned, 

neither regarding novelty nor the inventive step. Here, obviously other 

objections by the patent office led to rejection or withdrawal. The remaining 

59 WO patent applications contained both patent as well as nonpatent 

references from the applicant, and only a subset was, in fact, regarded to be 

invalidating by the examiner. Nonpatent references mainly refer to scientific 

articles/publications, in many cases from prestigious journals, in a few cases 

also to books. They did not seem to be entirely different in nature than the 

nonpatent literature mentioned in search reports or the references cited-

section of US patents as discussed in e.g. [17-18]. Table 1 gives an 

overview about the 59 patent documents and the references contained 

therein. 

{insert Table 1 about here} 

3.1 Importance of patent versus nonpatent references 

How important are patent versus nonpatent references? Table 1 reveals that 

80 percent of all patent applications under examination contained at least 

one invalidating patent reference, thus patent literature, as one would 

expect, plays a crucial role when searching for prior art. However, 
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nonpatent literature may not be ignored: 59 percent of the patent 

applications contain at least one reference to nonpatent literature, and 20 

percent contain nonpatent references exclusively. Hence, a priori searches 

by applicants in chemicals, pharmaceuticals, and biotechnology need to 

focus on both.  

3.2 Patent and nonpatent references vs. novelty and inventive step 

From a patent searchers’ perspective it is interesting to know if patent or 

nonpatent literature matter more for novelty or the inventive step. Therefore, 

in a next step, it was investigated why these references had been 

incorporated. The basis for this analysis was a manual screening and 

assessment of the examination reports to distinguish between references 

relating to novelty (coded as N) or the lack of the inventive step (coded as 

I)? In this context it was further assessed if the reference was invalidating 

itself, or only together with other references. This characterization can also 

be found in EPO or WIPO search reports: X references relate to a document 

that is of particular relevance itself, while Y coding refers to documents that 

are particularly relevant when taken together with other references. It was 

found that about half of all WO patent applications in the sample contained 

both N and I coded references and a quarter each only N and only I. Table 2 

and 3 provide a more detailed overview about the results. 

{insert Table 2 and 3 about here} 

In total, 125 patent references were contained within the 59 examination 

reports, and 86 nonpatent references. About two thirds of all patent 

references relate to NX documents, signifying that these documents 
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contained prior art that invalidated novelty of at least one claim of the patent 

application. About a quarter of the patent references refer to IX and IY 

documents each. In contrast, nonpatent references contain fewer documents 

relevant for rendering novelty of claims obsolete; they seem to be more 

important for assessing the inventive step. Checking for significance by 

means of a chi-square test, it was found that patents are significantly more 

utilized to assess novelty than nonpatent publications, but the latter are used 

significantly more than expected to evaluate the existence of an inventive 

step. Hence, these findings seem to reflect search strategies at the patent 

office: if examiners do not find the complete disclosure of a patent claim as 

novelty-related information in a patent document, they tend to search for 

single pieces of information across various sources, in particular, nonpatent 

literature.  

3.3 Availability of invalidating prior art to applicants 

With the findings of the previous section in mind: can applicants know 

invalidating prior art, and do they? Figure 2 provides an overview about the 

age structure of the references to answer the first part of the question. In 

each case, the publication year of the reference was counted. 

{insert Figure 2 about here} 

The results show that more than 80 percent of all references were 

theoretically available to the applicant since they were published prior to the 

priority date. Figure 2 also reveals that 50 percent of the references originate 

from the last four years. Those references published after the priority date 

relate in the case of patent references to patent applications that had been 



 

11 

filed earlier at the EPO than the applications under consideration, i.e. they 

had an earlier priority date and thus were regarded as prior art. Obviously, 

the applicants could not have been aware of these documents. Surprisingly, 

examiners cited also articles that had been published after the priority date, 

with the inference in some cases that they violated novelty. The examiners 

not always gave reasoning for taking these into account. However, in one 

case it was mentioned that the publications were very descriptive in nature. 

So it could be that – even though these nonpatent references had not been 

characterized as review articles in the Science Citation Index – they might 

refer to various sources that are invalidating in nature for the patent 

application, but were not cited individually in order to minimize the total 

number of references in the examination report. Another phenomenon that 

can be observed in Figure 2 is that referenced patents in general range back 

further than publications, which can be explained with data availability: 

patent documents are accessible more easily for a longer time period than 

nonpatent literature. 

So since many invalidating references were theoretically accessible for the 

applicant, the question arises if he or she (or the patent attorney formulating 

the patent application) was in fact aware of some invalidating prior art. It 

was found for front-page references in granted US patent documents that 70 

percent of all references were known by the inventors at the point the patent 

application was submitted to the patent office [19]. This does not 

necessarily mean that these references are also invalidating. Otherwise it is 

unlikely that the inventors would have applied for the patent. Comparing 

references found in the full text of the patent application with references of 
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invalidating prior art from examination reports (while controlling for patent 

family documents) reveals the answer to the question posed: yes, to a certain 

degree applicants knew about invalidating prior art!  

On the basis of references, applicants were aware of 20 percent of all patent 

references, and 31 percent of all nonpatent references. When taking the 

patent applications as a basis where the references are contained therein, 

Table 4 demonstrates that the applicant was aware of at least one 

invalidating patent reference in 30 percent of all WO patent applications, 

and he or she knew about at least one invalidating nonpatent reference in 

almost 50 percent of all cases. In 15 percent of all WO patent applications 

the applicant was even aware of all invalidating references. Could this 

structure be rooted in different risk attitudes of applicants? Small and 

medium-sized companies (SMEs) possess, in general, less financial 

resources than large firms. Hence, it could be that large firms pursue a more 

aggressive patenting strategy than smaller firms, implying that large firms 

maybe know about prior art but rather take the risk to gamble?† In order to 

answer this question, we related firm size to knowledge about prior art, 

taking the definition for SMEs of the European Commission as a basis.‡ 

Table 5 presents the results. Large firms know about significantly more 

invalidating patent references as one would expect, while SMEs are aware 

of a high share of invalidating nonpatent references. Since large firms tend 

to utilize patent information to a much higher extent than SMEs [20], one 

                                                 

† The author is grateful to Adam Bartkowski for pointing towards this relationship. 

‡ Independent inventors as well as universities were also counted as SMEs since they, in most cases, 

possess less financial resources than large firms. In one case, the US Navy was an applicant and, in 

this case, treated as large firm. 
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can assume that large firms showed the tendency to gamble. SMEs, in 

contrast, seem to encounter difficulties in assessing to what degree prior art 

is, in fact, invalidating. In other words, they have a lower understanding to 

what degree they may combine knowledge from various sources without 

running into trouble with the nonobviousness criterion at the patent office. 

{insert Tables 4 and 5 about here} 

Is there any difference between recognizing novelty or inventive step from 

the applicant’s perspective? Table 6 answers this question: known nonpatent 

references have a distribution that is, according to a chi-square test, not 

statistically significant from the distribution of unknown nonpatent 

references. For patent references, the situation is different: applicants know 

significantly more about references that are invalidating regarding the 

inventive step, and to a lower extend about novelty-related patent 

references. This finding clearly underlines the fuzzy definition of 

inventiveness, but it can not only mean that assessing novelty from patent 

sources is much easier from the applicant’s perspective than evaluating 

nonobviousness, it can also imply that applicants search patent sources to a 

lower degree or less effectively, which would go hand in hand with the 

finding that applicants know less about patent than nonpatent references. 

{insert Table 6 about here} 

It can be concluded that the majority of invalidating prior art is not only 

theoretically available to the applicant, he or she also knows about a 

considerable share of it. This share is even higher when taking both aspects 

together, i.e. calculating it on the basis of the patent and nonpatent literature 
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that has been published prior to the patent application’s priority date. Large 

firms tend to rather gamble on the grant of the patent while SMEs encounter 

difficulties in assessing nonpatent literature. 

3.4 Effective search strategies for identifying invalidating prior art 

How can the applicant ex ante improve the search strategy for patent 

literature? Since the IPC plays an important role in patent searches, the IPC 

main class of the WO application was compared with the IPC main class of 

the referenced invalidating patents. To obtain a more detailed picture, the 

IPC was broken down in subclass (4-digits), group (7-digits) and main- or 

subgroup (full number). Additionally, it was controlled for reference types 

such as novelty and inventive step. Results can be found in Table 7. 

{insert Table 7 about here} 

About 70 percent of all invalidating patent references originate from the 

same 4-digit IPC class as the WO application under examination, 50 percent 

from the 7-digit, and less than a third is assigned to the same full IPC class 

as the WO application. Thus a major share of invalidating prior art can be 

found just by searches in classes were the applicant expects his application 

to be assigned to. Taking the reference types as a basis, 70 percent of all NX 

patent references come from the same 4-digit IPC, about the equal amount 

from IX patent references, and app. 83% from all IY patent references. 

While about one third of all NX and IX patent references originate from 

exactly the same IPC class, only 17.2% of all IY patent references do. 

However, for the overall table, this finding proves not to be statistically 

significant in a chi-square test, but it indicates a well-known phenomenon: 
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combining knowledge from the core area of the invention involves a lower 

inventive step than combining knowledge from areas further apart. If 

novelty-related knowledge is also comprised in single documents, then it is 

very likely that they, in fact, belong to the same 7-digit IPC class, while, in 

the case of inventive knowledge, single pieces of relevant inventive 

knowledge may be distributed to a higher extent across several adjacent 

subclasses. To conclude, searching documents in the same IPC classes 

where the patent is likely to be assigned to should yield most of the relevant 

prior art. 

3.6 Limitations 

The analyses in this paper encounter several limitations. First of all, to 

demonstrate that some claims are not novel or inventive, European patent 

examiners need to show only as many references as are necessary to prove 

that the claims are not patentable [21]. Thus, only a subset of references 

cited in search reports may be mentioned as invalidating in the examination 

report, even though more documents from the search report might be 

invalidating as well. Second, some patent examiners tended to not assess the 

inventive step when novelty of a claim was already rejected (e.g. see 

examination report of WO 9825944), which is feasible because it is 

sufficient to prevent a patent from being granted if only one of the three 

patentability criteria is not met. Other patent examiners did not follow this 

policy (e.g. see examination report of WO 9825961) and checked both 

novelty and inventive step. This might have led to an overestimation of the 

impact of novelty within prior art documents. Third, invalidating prior art 
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should also be available in examination reports to patent applications that 

were subsequently granted, but in this case they should only relate to a 

subset of claims contained in the patent application. Also including findings 

from these sources could broaden the statistical basis of the conclusions 

drawn in this paper. 

4. Conclusions and Implications 

Developing technological innovations is a costly process. Protecting these 

innovations through patents is also connected with substantial costs, such as 

the application fee at the patent office, drafting the text of the application, 

maybe with support from a patent attorney, and, if the innovation appears to 

be particular valuable and is aimed to be registered in a number of countries, 

substantial translation fees of the document. Only a granted patent provides 

the owner with the right to exclude others from using the invention. The 

outcome of the patent application process, however, is associated with a 

substantial amount of uncertainty. This paper addressed this issue and 

investigated WO patent applications in the field of biotechnology, 

chemistry, and pharmaceuticals aiming at a variety of countries worldwide 

that had failed at the European Patent Office. References to relevant prior 

art made by the examiners were analyzed. The results have several 

implications for patent applicants in these fields and can help increasing 

efficiency in patenting: to reduce uncertainty in the patenting procedure, 

patent applicants should ex ante search both recent patent and nonpatent 

literature. Nonpatent references alone are accountable for about one third of 

all relevant references. It was revealed that patents play a crucial role to 
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determine novelty. In many cases the inventive step underlying the WO 

patent application could be anticipated through combining several nonpatent 

sources. Another finding is that applicants or inventors were aware of 

invalidating prior art in a major share of all WO patent applications. Patent 

documents coming from the same 4-digit IPC class anticipate the majority 

of all invalidating patent references. Large firms know about a significant 

portion of invalidating nonpatent references. Their financial power seems to 

induce a gambling behavior regarding the patenting processes’ outcome. 

SMEs, in contrast, seem to face difficulties in assessing nonpatent literature, 

which, in general, relates rather to the inventive step of the invention. 

Future research should expand the scope of this survey to other technology 

fields as well. The impact of nonpatent literature as invalidating prior art 

should, for instance, vary considerably here. It would also be of interest to 

investigate if text-mining techniques would be able to recognize if 

documents found by applicants are actually invalidating in nature or not. 

Such kind of analyses would be able to help save applicants further 

expenses during the granting procedure or ex ante help drafting the 

application accordingly. The recommendation to search relevant prior art in 

the same 4-digit IPC class poses a challenge from the patent searchers’ 

perspective since the amount of relevant documents increases exponentially 

when moving from the same full IPC-class towards the subclass. Here, 

intelligent text-mining tools could prove to be valuable as well. It would, 

nevertheless, also be worth questioning applicants and inventors about their 

perception of the references they knew but that were subsequently 

recognized as invalidating by the examiner. 
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Figure 1: Risk and uncertainty over the patent’s lifecycle 

 

 

Table 1: Distribution of references contained in examination reports among 

patents and nonpatent references 

Distribution of references  

Only patent 

references 

Only nonpatent 

references 

Total 

a) Number of patent references >=1 47 (80%)  12 (20%) 59 (100%) 

b) Number of nonpatent references >=1 35 (59%) 24 (41%)  59 (100%) 

a) AND b) 23 (39%)    

 

Table 2: Distribution of references’ purpose: 

Type of 

reference 

Patent 

references§ 

Nonpatent 

references§ 

Total 125 (100%) 86 (100%) 

NX 80 (64.0%) 39 (45.3%) 

NY 2 (1.6%) 2 (2.3%) 

IX 35 (28.0%) 26 (30.2%) 

IY 29 (23.2%) 32 (37.2%) 

§ more than one entry per reference possible. 
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Table 3: Chi-square test of the distribution of references’ purpose 

Type of 

reference 

Number of 

references 

Patent 

references§ 

Nonpatent 

references§ 

NX Observed 80 39 

 Expected 70.9 48.1 

NY Observed 2 2 

 Expected 2.4 1.6 

IX Observed 35 26 

 Expected 36.4 24.6 

IY Observed 29 32 

 Expected 36.4 24.6 

Total  125 86 

§ more than one entry per reference possible. 

p=0.077 

 

Figure 2: Age distribution of references (τ-1 implies that the reference was 

published one year prior to the priority year of the patent application).  
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Table 4: Patent applications where the applicant was aware of references 

Distribution of references Total sample Applicant or attorney was aware of 

  some references all references 

Number of patent references >=1 47 (100%) 14 (30%)  

Number of nonpatent references >=1 35 (100%) 16 (46%)  

Number of patents with invalidating prior art 59 (100%)  9 (15%) 
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Table 5: Chi-square test for reference types and firm size 

Reference Number of 

references 

SME Large firm 

Patent reference Observed 4 10 

 Expected 7.5 6.5 

Nonpatent reference Observed 12 4 

 Expected 8.5 7.5 

p=0.011 

 

Table 6: Chi-square test for the distribution of references’ purpose among 

references known and unknown from the applicant 

Type of 

reference 

Number of 

references 

Patent references§ Nonpatent references§ 

  

Unknown by 

applicant 

Known by 

applicant 

Unknown by 

applicant 

Known by 

applicant 

NX Observed 69 11 27 12 

 Expected 61.9 16.8 26.0 12.8 

NY Observed 2 0 2 0 

 Expected 1.5 0.4 1.3 0.5 

IX Observed 19 16 15 11 

 Expected 27.1 9.4 17.3 9.3 

IY Observed 23 6 22 10 

 Expected 22.4 6.5 21.3 10.5 

Total  100 25 59 27 

§ more than one entry per reference possible. 

For patents: p=0.002; for nonpatent references: p=0.548 

 

Table 7: Overlap of patent references with IPC of citing WO application 

IPC Total patent 

references 

 Type of reference 

NX NY IX IY 

4-digit 87  (69.6%)  56 (70.0%)   1 (50.0%) 25 (71.4%) 24 (82.8%) 

7-digit 66  (52.8%)  44 (55.0%)   0 (0.0%) 18 (51.4%) 17 (56.6%) 

full 36  (28.8%)  28 (35.0%)   0 (0.0%) 11 (31.4%)   5 (17.2%) 

Total 125 (100%)  80 (100%)   2 (100%) 35 (100%) 29 (100%) 

 


