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Abstract
Background: In the adjuvant setting of cancer treatment, de-escalation strategies have the goal of omitting or
minimizing treatment in patients, without compromising outcomes. Historically, eligibility for adjuvant treatment
solely relied on the patient’s clinical and tumor’s pathological characteristics. At the turn of the century, based on new
biological understanding, molecular-based strategies were tested and sometimes implemented.
Main body: However, we illustrate how molecularly based de-escalation strategies may paradoxically lead to
overtreatment. This may happen when the novel approach is tested in lieu of standard management and may not
yield the same results when being implemented in addition to usual practice. In the DYNAMIC trial, adjuvant chemotherapy decision in stage II colon cancer was compared between a circulating tumor DNA (ctDNA)-based approach
and the standard care. We show this may result in more patients receiving oxaliplatin-based chemotherapy and may
expose a similar proportion of patients to chemotherapy if the novel strategy is implemented in addition to usual
practice. The other potential risk is undertreatment. We provide an illustration of early breast cancer, where the decision of adjuvant chemotherapy based on the gene expression signature MammaPrint may lead to inferior outcomes
as compared with the clinico-pathologic strategy. This may also happen when non-inferiority designs have large
margins. Among solutions, it should be acknowledged that clinico-pathological features, like T4 in colon cancer, may
not be abandoned and replaced by novel strategies in real-life practice. Therefore, novel strategies should be tested
in addition to standard of care, and not in lieu of. Second, de-escalation trials should focus on the settings where the
standard of care has a widespread agreement. This would avoid the risk of testing non-inferiority against an ineffective
therapy, which guarantees successes without providing informative data.
Conclusion: Simply because a molecular test is rational does not mean it can improve patient outcomes. Here, we
highlight how molecular test-based strategies may result in either overtreatment or undertreatment. In the rapidly
evolving field of medicine, where technological advances may be transformative, our piece highlights scientific pitfalls
to be aware of when considering running such trials or before implementing novel strategies in daily practice.
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Background
De-escalation strategies have the desirable goal of omitting or minimizing treatment in patients, without
compromising long-term outcomes [1]. While novel
molecularly based de-escalation strategies promise to
achieve this objective, at times, they may paradoxically
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increase the cumulative amount of treatment received by
patients. Large non-inferior margins may also miss the
loss of efficacy. We illustrate these questions and propose
solutions to overcome the unintended consequences of
molecularly based de-escalation strategies.
Expected benefits from de‑escalation strategies

In the adjuvant setting, patients have typically undergone
curative surgery, and no tumor is visible on conventional
radiography. The aim, in this setting, is to increase the
chances of cure by eradicating microscopic disease with
the goal of avoiding relapse [2, 3]. However, “increasing chances of cure” is only relevant at the group level,
because a fraction of patients will be cured by the adjuvant therapy, while others would not derive any benefit.
Moreover, to date, in solid tumor adjuvant settings, those
who benefit are always a minority of treated patients [3].
Therefore, identifying who benefits from adjuvant
treatment and who does not may spare some patients
unnecessary treatment. Omitting toxic treatments offers
direct physical and psychological benefits, avoiding the
risk of short-term and long-term toxicities and quality of life impairment [4]. The cost of anti-cancer drugs
continues to rise [5], with financial burden identified as
a specific toxicity for patients with cancer. Being diagnosed with cancer confers a higher risk for bankruptcy
[6], and a retrospective study suggested bankruptcy
was associated with a higher risk of mortality after cancer diagnosis [7]. A systematic review found that half of
the patients suffer from financial burden, and this was
affecting the quality of life and treatment adherence [8].
In the adjuvant setting, drugs approved by the US Food
and Drug Administration (FDA) between 2018 and 2022
carried a median cost of $158,000 per patient for a complete treatment, with a median cost to avert one event of
$1,610,000, a cost that may not be sustainable for societies [9].
Different tools to guide adjuvant decision

Historically, the identification of patients eligible for adjuvant treatment solely relied on the patient’s clinical and
tumor’s pathological characteristics [3]. Specific tumor
biologic features, gradually integrated into the pathological assessment over time, such as hormone receptor
status [10] or human epidermal growth factor receptor 2
(HER2) expression for patients with breast cancer [11],
and microsatellite instability (MSI) assessment in colorectal cancer [12, 13], also became guiding factors for
adjuvant treatment decisions. At the turn of the century,
based on new molecular understanding and techniques,
gene expression signatures held the promise to refine
adjuvant decisions, initially in breast cancer [14]. Some
of these signatures (e.g., Oncotype DX or MammaPrint)
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were later prospectively studied and are used in clinical
practice [15]. Circulating tumor cells (CTCs) or circulating tumor DNA (ctDNA) are also studied as potential
biomarkers to guide adjuvant treatment [16].
De‑escalation strategies resulting in their opposite effect:
more treatment

Theoretical advantages of new molecular tools rely on
their ability to improve patient selection upon existing
practice. Firstly, de-escalation strategies may result in
opposite effects (more treatment), if the new approach is
tested in lieu of the current practice, and not in addition
to, which is not the way physicians will implement new
strategies. An example of this occurred in the Circulating
Tumour DNA Analysis Informing Adjuvant Chemotherapy in Stage II Colon Cancer (DYNAMIC) trial, which
randomly assigned a 2 to 1 ratio of patients with stage II
colon cancer between a ctDNA-guided approach and a
standard approach to inform adjuvant treatment decision
[17]. This was a non-inferiority trial designed to demonstrate that a ctDNA-guided approach would reduce the
use of adjuvant treatment with no detrimental effect on
the risk of recurrence. The trial met its primary endpoint, being non-inferiority in recurrence-free survival
at 2 years, 93.5% in the ctDNA group and 92.4% in the
standard management group, respectively, with a lower
proportion of patients receiving adjuvant chemotherapy
in the ctDNA-guided group as compared with standard
management (15% versus 28%; relative risk = 1.82; 95%
confidence interval, 1.25 to 2.65) [17].
Among the clinicopathological criteria defining highrisk patients with stage II colon cancer is T4 tumor and
is included in international practice guidelines such as
the European Society of Medical Oncology (ESMO)
or the American Society of Clinical Oncology (ASCO)
guidelines [18, 19]. A large matched-pair analysis of
3986 patients with T4 Union for International Cancer
Control (UICC) stage II colon cancer showed 5-year survival rates of 70.9% with adjuvant treatment compared
to 59.8% with no further therapy (p < 0.001) [20]. In the
DYNAMIC trial, 32 out of 44 patients (72.7%) with T4
tumor did not receive adjuvant chemotherapy based on
the ctDNA result, as compared with 30% (6 out of 20)
of patients with T4 lesion who did not undergo further
therapy in the standard management arm.
In the DYNAMIC trial, within the ctDNA-guided
patients, those with a ctDNA negative result (thus not
receiving chemotherapy) and T4 tumors presented
inferior outcomes in terms of disease-free survival as
compared with the ctDNA positive (thus receiving chemotherapy): 81.3% versus 86.4% were alive and disease-free
after 3 years, respectively [17]. This finding led to the following comment, on social media, by Dr. Jeremy Jones:
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“My take home points from DYNAMIC: for truly highrisk patients (T4) do not skip chemo even if ctDNA (-).
For low risk with (+) ctDNA seems reasonable to offer
chemo. Bottom line if positive I trust the test; if negative
I’m still suspicious.” [21].
As a result, it is likely in clinical practice that physicians
will continue to consider this pathologic feature to inform
their decision. If doctors adopted this strategy (treating
all T4 patients in the ctDNA-guided group, regardless of
the result of the test)—which we believe is entirely possible in real-life settings—then 26% of patients would
receive adjuvant therapy in the ctDNA group, as compared with 28% in the standard arm. As a first consequence, the primary goal of the ctDNA approach, sparing
chemotherapy, would evaporate. By only considering a
single high-risk clinico-pathological feature—T4—among
many others, this example demonstrates how the novel
approach, being tested in lieu of standard management,
may not yield the same results when being implemented
in addition to usual practice. Clinical trials should focus
on the latter question to preserve relevance to the real
world.
Secondly, in the DYNAMIC trial, a higher proportion of patients undergoing adjuvant treatment received
doublet oxaliplatin-based chemotherapy in the ctDNAguided group (62%) compared with patients where
standard management guided the decision (10%). When
considering all patients enrolled in the study, and despite
the fact that fewer patients received chemotherapy in the
ctDNA group, a higher proportion of patients received
oxaliplatin in the ctDNA group (9.5% vs 2.7% with standard management).
In other words, a patient with stage II colon cancer
undergoing the ctDNA test will face a higher chance (or
risk) of receiving oxaliplatin-doublet chemotherapy than
a patient treated the conventional way. However, avoiding
long-term oxaliplatin-induced neurotoxicity is a constant
challenge in adjuvant shared decision of colon cancer
adjuvant treatment [22]. Indeed, long-term oxaliplatininduced neuropathy was present in two-thirds of patients
after digestive adjuvant treatment, impairing their quality
of life [23, 24].
The authors of the DYNAMIC trial contend that this
result (higher rates of oxaliplatin-based chemotherapy in
the ctDNA group) was mostly explained by the “known
prognostic significance” of positive ctDNA results [17].
However, ctDNA positivity was not considered a highrisk feature before the study was run [19], and details for
reasons supporting the choice of oxaliplatin-based chemotherapy were not reported.
There is an ambiguity in the DYNAMIC trial, where
on the one hand, the first step of the decision, i.e., the
choice of undergoing adjuvant chemotherapy or not, was
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decided exclusively according to the ctDNA result, but
on the other hand, the second step of the decision (i.e.,
the type of chemotherapy and whether oxaliplatin should
be added) was left “at the clinician’s discretion.” This
demonstrates that the DYNAMIC trial, per protocol, was
not exploring a “ctDNA exclusive” strategy, because an
important part of the decision-making process was still
relying on traditional clinico-pathological features. This
may further explain why it is likely that oncologists will
add the ctDNA results without dismissing their current
risk assessment, not only when deciding the type of regimen, but also at the very first step of deciding whether
a patient should be proposed adjuvant chemotherapy or
not.
Therefore, it is entirely possible that contrary to the
reported result of the DYNAMIC trial, the addition of
a ctDNA-based approach to current practice would not
result in fewer patients receiving adjuvant chemotherapy,
which was the primary goal of the DYNAMIC trial, as
doctors will engage in compensatory behavior. Also, it
would lead to more patients receiving oxaliplatin-based
doublets, known for specific long-term toxicity.
De‑escalation strategies in settings where current practice
has questionable benefit

Another complexity with interpreting molecular tests
that permit us to exclude therapy is that the fundamental efficacy of those therapies may have shifted or eroded
over time. Stage II colon cancer is one such place [25].
Among trials supporting the benefit of adjuvant treatment in stage II colon cancer, most took place decades
ago and no longer reflect modern practice. These trials
were considered by the ASCO guideline expert panel to
be “low” or “very-low” quality evidence [19]. The implementation of modern surgery techniques has shown
improvement in outcomes in many retrospective series
[26–29]. Stage migration due to better imaging and optimization of surgical staging [30] may also have played a
role in a trend toward better outcomes over time [25]. As
an illustration, the 2-year recurrence-free survival in the
DYNAMIC trial was around 92-93% in both arms, when
we estimated that no more than 88.4% of patients were
free of recurrence and alive after 2 years in the QUASAR
trial (older) comparing adjuvant chemotherapy to observation in stage II cancer [31].
These changes have relevance for the molecular test in
DYNAMIC. If the gains of stage II treatment have gotten
smaller over the years, a test, even an inaccurate or ineffective one, can easily show noninferiority over the current standard of care—precisely because the gains of the
current strategy are smaller.
Consider a thought experiment: let us assume no
benefit from the current clinico-pathological guided
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adjuvant strategy in stage II colon cancer. Now, imagine one proposes an innovative test-based strategy, as
in the DYNAMIC trial, to replace the old algorithm. If
your new strategy demonstrates to result in the same
outcomes: is it “as good” or “as useless”? Even randomly
omitting chemotherapy would result in the same survival outcomes. In other words, proving non-inferiority
against a strategy which is itself subject to equipoise and
not strongly supported is questionable and may result in
a guarantee that your trial will yield similar outcomes.
Loss of efficacy: a potential downside in de‑escalation
strategies

Consider now early breast cancer. In patients with a highrisk clinical feature, such as lymph node involvement,
the National Comprehensive Cancer Network (NCCN)
recommends that the decision to undergo adjuvant
treatment can be guided by the 70-gene signature MammaPrint result. This is based on the MINDACT study,
which prospectively compared patients with high clinical
risk and low genomic risk (per MammaPrint), after being
randomized between chemotherapy and not [32]. The
goal of the MINDACT study was to test whether omitting cytotoxic treatment in this subgroup could be done
without impairing efficacy.
The study was positive, with 94.7% of patients with
high clinical risk and low genomic risk, and not receiving chemotherapy, being alive without metastases after 5
years. The lower boundary of the 95% confidence interval
(92.5 to 96.2) was higher than 92%, which was defined as
the threshold for the primary endpoint of the trial.
However, when compared with patients of the same group
receiving chemotherapy, the rate of 5-year survival without
metastasis was, on average, 1.5 percentage points lower [32].
Also, these patients, when receiving chemotherapy based
on the clinical risk assessment, had a higher 93.3% 5-year
disease-free-survival (DFS) compared with 90.3% in patients
not receiving chemotherapy based on MammaPrint result
(hazard ratio = 0.64; p = 0.03). What tradeoffs are clinically
acceptable for de-escalation strategies [33]? The primary
endpoint of the MINDACT trial did not directly answer this
question.
Non-inferiority trials are often used to test de-escalation [34]. However, a lack of transparency in how the
margin is chosen may limit the trial definite conclusion
[35]. In other words, when margins are too large, a positive non-inferiority trial result may translate into a clinical detriment. In the DYNAMIC trial, testing the ctDNA
approach in stage II colon cancer, the non-inferiority
margin was 8.5 percentage points for the analysis of
2-year recurrence-free survival. This margin is large. It is
higher than the observed benefit, in terms of recurrence
rate, from adjuvant treatment versus observation in stage
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II colon cancer in the QUASAR trial (4.8 percentage points
difference) [31]. Large non-inferiority margins may guarantee
the success of such trials without ensuring similar efficacy
for patients.
Possible solutions

Solutions to our dilemma of molecular testing should
balance a desire to use and embrace new technology with
the need to appraise it rigorously in well-done studies. As
the first step, novel test-based de-escalation strategy trial
should more closely mimic the ultimate clinical practice
and ask if the new strategy is better in addition to conventional care and not “in lieu of ” it.
A second strategy would be to limit de-escalation trials to settings where the current practice benefits have
reach a widespread agreement. This would avoid the risk
of testing non-inferiority against an ineffective therapy,
which guarantees successes but provide no informative
data. In the case of DYNAMIC, stage III colon cancer is a
better target. If, however, a trial wish to be run in settings
where equipoise remains, adding a third arm with even
less treatment administration—perhaps done at random
or based on clinicopathologic information—would allow
to better assess the true effect of the novel strategy.
The third solution tackles the issue raised by non-inferiority margins. Test-based decision strategies should not
be limited to de-escalation trials and be superiority trials instead. For instance, in stage III colon cancer, among
those not receiving chemotherapy based on current management, does ctDNA detect a subgroup that may benefit
from adjuvant chemotherapy?

Conclusions
Simply because a molecular test is rational does not mean
it can improve patient outcomes. Among patients with
ovarian cancer, closely following patients with the tumor
marker cancer antigen 125 (CA-125), and initiating therapy upon its rise, famously did not confer a survival benefit
[36]. The same is true for efforts to tailor treatment, or deescalate. These do not guarantee patient benefits. Here, we
highlight, based on 2 examples, how molecular test-based
strategies may result in either overtreatment (ctDNA
approach in stage II colon cancer) or undertreatment (gene
signature-based adjuvant chemotherapy in early breast
cancer). De-escalation trials face a tension. Is their primary
goal to advance the market share of specific products, or
is it to provide clarity regarding which patients truly benefit from therapy? If it is the latter, clearly, study design
is needed to ensure the trial informs clinical practice. In
the rapidly evolving field of medicine, where technological advances may be transformative, our piece highlights
scientific pitfalls to be aware of when considering running
such trials or before implementing novel strategies.

Olivier and Prasad BMC Medicine

(2022) 20:392

Abbreviations
ctDNA: Circulating tumor DNA; FDA: US Food and Drug Administration; HER2:
Human epidermal growth factor receptor 2; MSI: Microsatellite instability;
CTCs: Circulating tumor cells; ESMO: European Society of Medical Oncology;
ASCO: American Society of Clinical Oncology; UICC: Union for International
Cancer Control; NCCN: National Comprehensive Cancer Network; DFS:
Disease-free-survival; CA-125: Cancer antigen 125.
Acknowledgements
Not applicable.
Authors’ contributions
VP and TO contributed to the conception. TO wrote the first draft of the manuscript.
All authors reviewed and revised the manuscript. All authors provided final
approval of the manuscript.
Funding
This project was funded by Arnold Ventures LLC through a grant paid to the
University of California, San Francisco. The funders had no role in the design
and conduct of the study.
Availability of data and materials
All data on which this work was based are publicly available.

Declarations

Page 5 of 6

7.
8.
9.
10.
11.

12.
13.

14.

Ethics approval and consent to participate
Because we used publicly available data, and this is not a human subject
research in accordance with 45 CFR §46.102(f ), we did not submit this study to
an institutional review board or require informed consent procedures.

15.

Consent for publication
Not applicable.

17.

Competing interests
Vinay Prasad’s disclosures: research funding—Arnold Ventures; royalties—
Johns Hopkins Press, Medscape; honoraria—Grand Rounds/lectures from
universities, medical centers, non-profits, and professional societies; consulting—UnitedHealthcare; speaking fees—Evicore; others: Plenary Session
podcast has Patreon backers. Timothée Olivier declares that there are no
competing interests.

18.

Author details
1
Department of Oncology, Geneva University Hospital, 4 Gabrielle‑Perret‑Gentil Street, 1205 Geneva, Switzerland. 2 Department of Epidemiology
and Biostatistics, University of California San Francisco, 550 16th St., 2nd Fl, San
Francisco, CA 94158, USA.
Received: 10 August 2022 Accepted: 28 September 2022

References
1. Piccart MJ, Hilbers FS, Bliss JM, Caballero C, Frank ES, Renault P, et al. Road
map to safe and well-designed de-escalation trials of systemic adjuvant
therapy for solid tumors. J Clin Oncol. 2020;38:4120–9.
2. Cady B. Basic principles in surgical oncology. Arch Surg Chic Ill.
1960;1997(132):338–46.
3. Burotto M, Wilkerson J, Stein WD, Bates SE, Fojo T. Adjuvant and neoadjuvant cancer therapies: a historical review and a rational approach to
understand outcomes. Semin Oncol. 2019;46:83–99.
4. Chopra I, Kamal KM. A systematic review of quality of life instruments
in long-term breast cancer survivors. Health Qual Life Outcomes.
2012;10:14.
5. Prasad V, De Jesús K, Mailankody S. The high price of anticancer
drugs: origins, implications, barriers, solutions. Nat Rev Clin Oncol.
2017;14:381–90.
6. Ramsey S, Blough D, Kirchhoff A, Kreizenbeck K, Fedorenko C, Snell K,
et al. Washington state cancer patients found to be at greater risk for

16.

19.
20.

21.
22.

23.
24.

25.
26.

27.

bankruptcy than people without a cancer diagnosis. Health Aff Proj
Hope. 2013;32:1143–52.
Ramsey SD, Bansal A, Fedorenko CR, Blough DK, Overstreet KA, Shankaran
V, et al. Financial insolvency as a risk factor for early mortality among
patients with cancer. J Clin Oncol. 2016;34:980–6.
Smith GL, Lopez-Olivo MA, Advani PG, Ning MS, Geng Y, Giordano SH,
et al. Financial burdens of cancer treatment: a systematic review of risk
factors and outcomes. J Natl Compr Cancer Netw. 2019;17:1184–92.
Mousavi I, Olivier T, Prasad V. Cost per event averted in cancer trials in the
adjuvant setting from 2018 to 2022. JAMA Netw Open. 2022;5:e2216058.
Allison KH, Hammond MEH, Dowsett M, McKernin SE, Carey LA, Fitzgibbons PL, et al. Estrogen and progesterone receptor testing in breast
cancer: ASCO/CAP Guideline Update. J Clin Oncol. 2020;38:1346–66.
Wolff AC, Hammond MEH, Allison KH, Harvey BE, Mangu PB, Bartlett JMS,
et al. Human epidermal growth factor receptor 2 testing in breast cancer:
American Society of Clinical Oncology/College of American Pathologists
Clinical Practice Guideline focused update. J Clin Oncol. 2018;36:2105–22.
Lindor NM, Burgart LJ, Leontovich O, Goldberg RM, Cunningham JM,
Sargent DJ, et al. Immunohistochemistry versus microsatellite instability
testing in phenotyping colorectal tumors. J Clin Oncol. 2002;20:1043–8.
Luchini C, Bibeau F, Ligtenberg MJL, Singh N, Nottegar A, Bosse T, et al.
ESMO recommendations on microsatellite instability testing for immunotherapy in cancer, and its relationship with PD-1/PD-L1 expression and
tumour mutational burden: a systematic review-based approach. Ann
Oncol. 2019;30:1232–43.
Chibon F. Cancer gene expression signatures - the rise and fall? Eur J
Cancer. 2013;(49):2000–9.
Kwa M, Makris A, Esteva FJ. Clinical utility of gene-expression signatures in
early stage breast cancer. Nat Rev Clin Oncol. 2017;14:595–610.
Alix-Panabières C, Pantel K. Clinical applications of circulating tumor
cells and circulating tumor DNA as liquid biopsy. Cancer Discov.
2016;6:479–91.
Tie J, Cohen JD, Lahouel K, Lo SN, Wang Y, Kosmider S, et al. Circulating
tumor DNA analysis guiding adjuvant therapy in stage II colon cancer. N
Engl J Med. 2022;386:2261–72.
Argilés G, Tabernero J, Labianca R, Hochhauser D, Salazar R, Iveson T, et al.
Localised colon cancer: ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up†. Ann Oncol. 2020;31:1291–305.
Baxter NN, Kennedy EB, Bergsland E, Berlin J, George TJ, Gill S, et al.
Adjuvant therapy for stage II colon cancer: ASCO guideline update. J Clin
Oncol. 2022;40:892–910.
Teufel A, Gerken M, Fürst A, Ebert M, Hohenthanner I, KlinkhammerSchalke M. Benefit of adjuvant chemotherapy in high-risk colon cancer:
a 17-year population-based analysis of 6131 patients with Union for
International Cancer Control stage II T4N0M0 colon cancer. Eur J Cancer.
2020;(137):148–60.
Jeremy Jones sur Twitter. Twitter. https://twitter.com/Jcj84Jeremy/status/
1533448970726408192. Accessed 8 Sep 2022.
Mols F, Beijers T, Lemmens V, van den Hurk CJ, Vreugdenhil G, van de
Poll-Franse LV. Chemotherapy-induced neuropathy and its association
with quality of life among 2- to 11-year colorectal cancer survivors:
results from the population-based PROFILES Registry. J Clin Oncol.
2013;31:2699–707.
Sereno M, Gutiérrez-Gutiérrez G, Gómez-Raposo C, López-Gómez M,
Merino-Salvador M, Tébar FZ, et al. Oxaliplatin induced-neuropathy in
digestive tumors. Crit Rev Oncol Hematol. 2014;89:166–78.
Soveri LM, Lamminmäki A, Hänninen UA, Karhunen M, Bono P, Osterlund
P. Long-term neuropathy and quality of life in colorectal cancer patients
treated with oxaliplatin containing adjuvant chemotherapy. Acta Oncol
Stockh Swed. 2019;58:398–406.
Påhlman LA, Hohenberger WM, Matzel K, Sugihara K, Quirke P, Glimelius
B. Should the benefit of adjuvant chemotherapy in colon cancer be reevaluated? J Clin Oncol. 2016;34:1297–9.
West NP, Kobayashi H, Takahashi K, Perrakis A, Weber K, Hohenberger
W, et al. Understanding optimal colonic cancer surgery: comparison of
Japanese D3 resection and European complete mesocolic excision with
central vascular ligation. J Clin Oncol. 2012;30:1763–9.
Bertelsen CA, Neuenschwander AU, Jansen JE, Wilhelmsen M, KirkegaardKlitbo A, Tenma JR, et al. Disease-free survival after complete mesocolic
excision compared with conventional colon cancer surgery: a retrospective, population-based study. Lancet Oncol. 2015;16:161–8.

Olivier and Prasad BMC Medicine

(2022) 20:392

Page 6 of 6

28. Kotake K, Mizuguchi T, Moritani K, Wada O, Ozawa H, Oki I, et al. Impact of
D3 lymph node dissection on survival for patients with T3 and T4 colon
cancer. Int J Color Dis. 2014;29:847–52.
29. Bernhoff R, Martling A, Sjövall A, Granath F, Hohenberger W, Holm T.
Improved survival after an educational project on colon cancer management in the county of Stockholm--a population based cohort study. Eur J
Surg Oncol. 2015;41:1479–84.
30. Derwinger K, Carlsson G, Gustavsson B. Stage migration in colorectal
cancer related to improved lymph node assessment. Eur J Surg Oncol.
2007;33:849–53.
31. Quasar Collaborative Group, Gray R, Barnwell J, McConkey C, Hills
RK, Williams NS, et al. Adjuvant chemotherapy versus observation in
patients with colorectal cancer: a randomised study. Lancet Lond Engl.
2007;370:2020–9.
32. Cardoso F, van’t Veer LJ, Bogaerts J, Slaets L, Viale G, Delaloge S, et al.
70-gene signature as an aid to treatment decisions in early-stage breast
cancer. N Engl J Med. 2016;375:717–29.
33. Khaki AR, Gadi VK, Prasad V. Clinical risk during the evaluation of genomic
risk for hormone-sensitive breast cancer: ignoring valuable data. J Natl
Compr Cancer Netw. 2019;17:1456–8.
34. Trapani D, Franzoi MA, Burstein HJ, Carey LA, Delaloge S, Harbeck N, et al.
Risk-adapted modulation through de-intensification of cancer treatments: an ESMO classification. Ann Oncol. 2022;33:702–12.
35. Burotto M, Prasad V, Fojo T. Non-inferiority trials: why oncologists must
remain wary. Lancet Oncol. 2015;16:364–6.
36. Rustin GJS, van der Burg ML, Griffin CL, Guthrie D, Lamont A, Jayson GC,
et al. Early versus delayed treatment of relapsed ovarian cancer (MRC
OV05/EORTC 55955): a randomised trial. Lancet. 2010;376(9747):1155-63.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

