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INTRODUCTION

Cancer is a leading cause of death worldwide (Siegel et al., 2022). Consequently, basic and preclinical can-

cer biology are intensively researched. This is essential to understand and then find treatments for different

cancer types; however, the reproducibility of the new findings needs to be carefully measured and openly

communicated. The burst of discoveries in cancer research during few past decades has challenged this

notion. On one hand, the complexity of experimental approaches as well as biological systems and on

the other hand, competition for publication has caused tremendous difficulties to follow the reliability of

new discoveries. There will be no benefit for patients or the public, if the studies are not reproducible.

This is crucially important as the majority of the studies use public funding. To be able to rely on results

from cancer studies for potential new treatments, the scientific community needs to find ways to measure

reproducibility in a reliable manner.

More than 90% of cancer-related mortality is due to metastasis, which is a multistep and complex process

(Hanahan and Weinberg, 2011). Metastasis is the spread of tumor cells from their primary site to secondary

organs. During this journey, cancer cells encounter a variety of interactions with other cells and plenty of

environmental cues. The different cell interactions include direct or indirect crosstalk with immune, endo-

thelial, fibroblast, and other resident cells in every given tissue. There are different types of cells in every

tumor making a heterogeneous makeup that is different from patient to patient. Tumor cells invade the

surrounding tissue, intravasate into the circulation, some of them survive and reach secondary organs,

extravasate into the recipient tissue, some survive, proliferate, and make new tumors (Valastyan and Wein-

berg, 2011). Cancer researchers have been vastly dedicated to understand this complexity by building

models and breaking this complex problem into smaller/more understandable problems to be able to

solve it and make efficient treatments.

Cell lines are among the simplest models that are vastly used as in vitro systems to study cancer biology and

to test drugs. Cell lines are generally easy, quick, and cheap to work with. They are used to dissect molec-

ular mechanisms by manipulating genes and signaling pathways in 2D or 3D culture systems. In addition,

cell lines are widely used to test a variety of therapeutic options including chemical and biological drugs.

Many so called ‘‘in vivo’’ systems also rely on using cell lines, for instance, injecting manipulated cells into

mice and assessing the tumor growth and therapy response. Although closer to real physiological/patho-

logical states, these models also suffer from the inherent limitations of cell lines as they are originated

in vitro systems. A true in vivo system would require the disease (e.g. tumor) to appear spontaneously in

an animal model (e.g. mouse) and progress in a similar manner compared to human disease. The issue

is that most cell lines cannot recapitulate the complexity and heterogeneity of the original tumor. The

different environmental cues (culture system) and cellular interactions in vitro compared to in vivo result

in drastic changes in the makeup of cells extracted from a tumor. In addition, in order to keep primary tu-

mor cells extracted from a human tumor (or mouse tissue) in culture for long time, they need to be trans-

formed (e.g. by oncogenic viral genes). All these issues add up and make cell lines artificial systems. This

does not mean that cell lines have no benefit, on the contrary, they have helped us understand many mo-

lecular mechanisms and features of cancer cells. However, to reach a comprehensive understanding (e.g.

whether a therapy works for a cancer type), using a small number of cell lines in vitro, or even injecting them

into mice is most likely not enough.

In an attempt to measure reproducibility in cancer research, a project was launched to openly investigate a

set of studies that had been published in high-profile journals (Errington et al., 2014). Themajority of exper-

imental designs that were chosen for this project relied on cell lines in vitro, and in some cases injecting cell

lines in mice. The final report of the project consists of data from 50 replication experiments covering 23

original studies. Comparing the replication studies to those of the original papers, they found that the
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replications were 85% weaker in median effect size (Errington et al., 2021c). The weaker evidence, which

was observed for both in vitro and in vivo experiments calls for additional attention to delineate the chal-

lenges of replicability and the necessity to improve transparency and rigor in research practices. This pio-

neering attempt to carefully measure reproducibility revealed the challenges of designing and conducting

replication studies (Errington et al., 2021a). The fact that this project was unable to perform and reproduce

a major part of the planned replication studies might seem extremely worrying (Mullard, 2021). However, a

deeper look at the attempt is needed to realize the source of the challenges, reinforcing the need to find

better ways to measure reproducibility. In this short piece, I will point out the main issues of the replication

studies and suggest a new approach to assess reproducibility of major biological studies including cancer

research.
CHALLENGES AND ISSUES WITH REPRODUCIBILITY OF EXPERIMENTS IN CANCER

RESEARCH

In the most recent, and final, report from the Reproducibility Project: Cancer Biology, Errington and col-

leagues conducted experiments for 11 unfinished registered reports (Errington et al., 2021b). Four papers

were excluded. The replication of the remaining studies was incomplete due to technical or methodological

challenges that the authors did not anticipate. The main reasons were methodological challenges, the

complexity of the approaches, and limitations in funding. In principle, the replication attempts lacked

required expertise and resources to truly replicate the original studies. The core experiments that lead the

authors of the original studies to their conclusions were included, partially, in the registered reports for repli-

cation but, disappointingly, in most cases, were excluded from the experimental work in the final report.

Excluded parts were in vivo experiments including usingmouse models, immune staining using antibodies,

or more complex in vitro experiments such as 3D cell culture (Errington et al., 2021b). A telling example is

the attempted replication of the study by Ricci-Vitiani and colleagues. The replication study only used a

subset of the cell lines tested in the original publication. Crucially, not tested were GNS (glioblastoma neu-

rospheres) cells, that in the original study responded substantially to treatment (Ricci-Vitiani et al., 2010).

Unfortunately, in vivo experiments were also not replicated because the authors could not efficiently

generate the required cell line to be injected into mice (Errington et al., 2021b). The absence of the in vivo

experiments undermines the value of the replication. Indeed, the value of the few experiments that were

(partially) successfully conducted in the final replication study is questionable.

As well as excluding key experiment, in the final reproducibility study report, different reagents or tools

were often used. The substituted experimental approaches are problematic alternatives. For instance, to

replicate the results from Ricci-Vitiani and colleagues, the Reproducibility Project used method of choice

was quantitative real-time PCR in the replication study while in the original paper flow cytometry was

used (Ricci-Vitiani et al., 2010). The method changes means that transcript levels were analyzed instead

of protein. Another example is the attempt to repeat the experiments from Heidorn and colleagues (Hei-

dorn et al., 2010). The authors used SB590885 compound (BRAF inhibitor) in the replication study while

another inhibitor 885A was used in the original study. Notably, the authors mention that SB590885 is a

close analog of 885A; however, the only non-significant finding is observed after using this inhibitor. It

needs to be considered that the change contributed in the difference. In another example, to replicate

the findings of Johannessen and colleagues (Johannessen et al., 2010), the experimental system of

choice contained a different cell line in the replication study: HT-29 cells instead of OUMS-23 colon can-

cer cells. These deviations in experimental settings and basing the replication studies solely on in vitro

systems can exert strong confounding effects on the results and therefore render the comparison

unreliable.

In the majority of cases, the registered reports were designed following the original reports and the devi-

ations occurred during the replication studies. However, the design of the replication studies is another

crucial point that needs to be taken into account. For instance, the use of 885-A instead of SB590885 is

already included in the registered report (Bhargava et al., 2016). The question is why changes from the orig-

inal protocol may have occurred. Were the changes missed during the review process, or were they consid-

ered negligible? On the hand, the deviations from the original studies might be construed as improve-

ments. These issues could create additional layers of misunderstanding and misconception and might

confound finding the source of irreproducibility. The main reason for these types of aberrations could

be the lack of understanding of the core principles and critical features of the original research.
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The difficulty of fully replicating the selected studies is taken by the authors as evidence that reproducing

and/or replicating the preclinical cancer biology experiments is challenging (Errington et al., 2021b). How-

ever, it is a challenge that must be met if concerns about reproducibility are to be resolved. Replicability

studiesmay be unreliable or uninformative if themost important part of a study is not proficiently replicated

in well-controlled settings. On the other hand, in the majority of the cases, reliance on a single in vitro

model is not sufficient to draw a conclusion about a biological phenomenon as well as measuring the effect

of a treatment. This applies both to original research and replication efforts.

Assessing the situation form a different viewpoint, it needs to be considered that maybe not all the issues

discussed about the replication studies could be anticipated in advance. It can be easy to spot the factors

in the replication studies after they are done, which may explain why the results are different from the original

studies. This can particularly occurwhen the authors of the original studies review the replication studies.While

there is understandable motivations to believe that the original study was conducted flawlessly, it needs to be

taken into account that the found problems in the replication studies are mainly speculative. The speculations

can be valuable and lead to new research. However, neither the replication studies nor the original authors’

responses can provide definitive evidence about the original studies. Nonetheless, these communications

point to the fact that additional research is needed to stablish reliability of the findings.
FUTURE DIRECTIONS AND CONCLUSION

Reproducibility and replicability can be best measured if several model systems, particularly true in vivo

models, are used. In vitro systems, particularly immortalized cell lines, need to be used with caution.

Different passage numbers, or even minor changes in culture conditions, such as reagents in the medium

or the density of the cells, can affect the experimental outcome. In cancer cell lines, these effects may be

particularly bigger due to their high mutational burden and chromosomal defects. There are other exam-

ples of replication studies that were not able to reproduce the data from original publications while relying

on cell lines (Yan et al., 2019). Although cell lines are excellent tools to explore molecular mechanisms or to

perform large-scale screens, the sole use of them may not yield sufficient biological and/or physiological

weight to draw conclusions.

A different setting might help better assess reproducibility of complex cancer projects. The limitations of

the reproducibility project, particularly the final report, include i) excluding the most crucial experiments, ii)

relying on a limited in vitro systems, and iii) failing to use the exact same conditions. These issues mainly

come from lack of expertise and resources. Many in vivo and in vitro models require a serious investment

of time tomaster—in the order of months and sometimes years. A collaborative effort between established

expert labs to replicate parts of published experiments would be a better solution. For fields such as can-

cer, research labs with the requisite know-how exist. To assess reproducibility in an efficient way, such labs

should be invited to perform the experiments.

One big issue in reproducibility comes from incomplete communication of protocols and data in original

studies. In recent years, there are great improvements in this regard; however, this has been one of the ma-

jor problems that the Reproducibility Project encountered since the beginning (Rodgers and Collings,

2021). The incomplete information at the time of publication can sometimes be difficult to spot if the ed-

itors/reviewers are not deeply familiar with procedures. Acquiring the collaborative strategy in which

expert labs are in charge of performing the experiment can also overcome this issue in large part, as the

experiments subjected to replication may be routinely done in this situation.

Having said that, I believe the best measure of reproducibility and replicability can come from the original

studies. Authors of basic and preclinical cancer studies can best illustrate this notion by using several exper-

imental systems, particularly in vivo validations as well as confirmations using human-derived systems. This

is already the case for many publications and may be extended by better information and more rigorous

and open peer review. Counterarguments of the authors from original publications also point in this direc-

tion that many details in performing experiments are acquired after a long time of focus and trials and some

of these experiences might be extremely challenging to be replicated entirely and exactly (Mullard, 2021).

Additionally, pre-registered reports can bring more visibility and robustness to preclinical studies and

avoid unnecessary competition. In conclusion, to reach better treatment options for complex diseases

like cancer, we need reliable, replicable, and reproducible science and this can be achieved by rigorous

experimentation and expert examination of replicability.
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