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	 In this commentary, the authors discuss a new concept for tumor treatment, which is 
based on observations from published studies and clinical practice protocols. This new treat-
ment regimen, which we coin “Tumor Conditioning Regimens,” abbreviated as TCRs is based 
on the idea that by conditioning tumors with oxygenation, increasing mutation loads or normal-
izing vessels, we create a permissive environment for tumor growth in the short-term, which 
will eventually in the long run benefit tumor regression. In our view, such a strategy of making 
things worse before they get better for tumor treatment has not been articulated in the literature 
although anecdotal examples exist, which we have highlighted in the commentary. This com-
mentary serves as a discussion starter for the scientific and clinical community as to the pros 
and cons of such an approach.

	 Traditional concepts in cancer treatment, including gynecologic cancers, involve us-
ing chemotherapeutic agents to target malignant cell populations, while sparing off-target ef-
fects on surrounding normal cells. This approach is based on decades of research focused on 
alterations within cells that allow them to become malignant and metastasize.1 Over the last 
several years an increased understanding of the role of the tumor microenvironment and the 
host immune system in the development of cancer cell resistance to treatment has led to re-
visiting traditional approaches to treatment.2 Treatment now often involves recruiting the host 
(patient) immune system and surrounding microenvironment to support and enhance the an-
ticancer effects of treatment. With this shift in understanding of tumor biology a new concept 
has evolved where tumor conditioning regimens (TCR) are used that often improve conditions 
for tumor growth, before responses are ultimately observed. TCR is defined as, “regimens that 
will influence tumor microenvironment, which may seem advantageous to tumor growth in the 
short run but in the long run will enable subsequent secondary treatment strategies to be more 
efficacious.” The TCR concept espouses the theory that “making things worse in the short-
term will actually provide benefits in the long-term.” In this commentary, we provide three 
treatment examples which are current practices based on ideas of increased tumor perfusion 
and increased mutation burden. These practices broadly span the fields of radiation oncology, 
vascular biology and immune biology, and apply to gynecological cancer treatments.

	 The TCR concept, in our opinion, is not entirely new but clearly counterintuitive. For 
example, in the field of radiation oncology solid tumors, including cervical cancer, with poor 
oxygenation do not respond as well to radiation as tumors with adequate oxygenation.3 Improv-
ing oxygenation to a tumor seems counterintuitive, with the concern that this could potentially 
allow for tumor growth. In fact, oxygen chemically modifies radiation-induced DNA damage, 
making it irreparable, a process known as the oxygen fixation hypothesis.4 Therefore, methods 
are employed to improve oxygenation such as surgically decreasing tumor size prior to radia-
tion, and administering concurrent medications that improve oxygenation during radiation.5 
	
	 Increased oxygenation is a hallmark of angiogenesis, the growth of new blood ves-
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sels from existing vessels. The anti-vascular endothelial growth 
factor agent bevacizumab is used in many tumor types includ-
ing ovarian and cervical cancers. In glioblastomas (GB), a ma-
lignant brain tumor known to be highly vascularized, patients 
treated with bevacizumab only show modest improvement in 
response and no improvement in overall survival.6,7 In general, 
the tumor-associated vasculature is disorganized, has poor struc-
tural integrity,8 and perfusion is poor. Vessel normalization, a 
concept proposed by Rakesh Jain and others, suggests that if 
we could convert the tumor vascular bed briefly from a patho-
logical to a physiological angiogenesis state, subsequent therapy 
regimens will be effective.9-11 This is an intriguing idea, which 
has concerns in that during this window of normalization, tumor 
cells will benefit from conditions for improved growth and me-
tastasis. While this is possible, improved perfusion would also 
increase ability for treatments to penetrate tumor, and thus com-
bining anti-angiogenics with novel therapeutics has the potential 
to provide a solution to this problem. We do caution the reader 
that additional pre-clinical research using appropriate model 
systems that can mimic perfusion will help gain evidence for the 
feasibility of this strategy.

	 A second example of the TCR concept involves the host 
immune system. Molecules on immune cells, or “checkpoints,” 
are used to initiate or stop immune responses to foreign cells 
or self. T-cells express a checkpoint protein called programmed 
cell death protein-1 (PD-1) and when PD-1 binds to the pro-
tein programmed death ligand-1 (PD-L1) on normal cells, this 
signals the T-cell to not attack the normal cell.12 Some cancer 
cells utilize this host defense mechanism to their advantage by 
carrying large amounts of PD-L1 protein that keep the immune 
system from attacking them.13 Checkpoint inhibitors are used in 
many types of cancer and are being actively investigated for use 
in ovarian cancer. In melanoma, it has been shown that patients 
with a high mutation burden have increased neo-antigen forma-
tion and subsequent increase in response to checkpoint inhibi-
tors.14 Similar findings have been observed in GB patients and 
patients with metastatic tumors with a high frequency of somatic 
mutations.15 Due to these findings, DNA damaging agents, such 
as radiation and chemotherapy, along with checkpoint inhibitors 
are proposed as one way to overcome resistance to immune ther-
apy.16 The idea of using TCR to create more DNA damage, or 
make the tumor “worse” (increase mutation burden for revela-
tion of novel epitopes) to improve responses to immune therapy 
is a shift from traditional treatment where the goal is to target 
and decrease the population of cells with DNA damage. 

	 Finally, from a clinical standpoint, as immune therapy 
has become more common in clinical trials, including gyneco-
logic cancer trials, the criteria for assessing response to therapy 
has changed. When patients initiate immune therapy, it is com-
mon to see an initial increase in tumor size (pseudo-progression) 
before an eventual shrinkage of lesions due to activation and 
recruitment of the host immune system in and around the tumor. 
When patients are on clinical trials, a common criterion used by 
clinicians to determine radiological response to trial therapy is 

the Response Evaluation Criteria in Solid Tumors (RECIST).17 
With the initiation of immune therapy in clinical trials, a new 
response criteria have been developed, immune-related Re-
sponse Evaluation Criteria in Solid Tumors (irRECIST)18,19 that 
accounts for the initial increase in tumor size. Again, this is an 
example where a clinician must accommodate for an initial im-
pression of worsening disease before an eventual improvement, 
which can be difficult for both the clinician and the patient. 

	 As new treatments emerge for gynecological cancer, 
understanding how to make a tumor respond to therapy will need 
to be adjusted to incorporate not just the tumor, but the numer-
ous surrounding host factors involved as well. Some of these 
modalities will involve using TCR to create initial improvement 
in conditions for tumor growth, which is acceptable in the short-
term if the long-term outcome is regression. 

Acknowledgments

We thank scientists who work with us and patients who have 
been treated under our care for inspiring the ideas that are dis-
cussed in this document. We also thank Dr. Denise Uyar, Di-
vision Chief of Gynecology Oncology in Department of OB-
GYN at MCW for providing critical feedback on this document. 
Dr. Bishop is supported by Laura’s Smile Foundation and the 
Wisconsin Ovarian Cancer Alliance. Dr. Ramchandran is partly 
supported by NIH grants (HL123338, HL136423, HL033833, 
HL120585), and institutional support from Medical College of 
Wisconsin (MCW), Children’s Research Institute and Depart-
ments of Pediatrics and Obstetrics and Gynecology (OBGYN). 
Both investigators are supported by Women’s Health Research 
Fund in the Department of OBGYN at MCW.

ConflictS of Interest

The authors declare no conflicts of interest, and opinions ex-
pressed here are based on facts from scientific papers. 

References

1. Hanahan D, Weinberg RA. The hallmarks of cancer. Cell, 
2000; 100(1): 57-70. doi: 10.1016/S0092-8674(00)81683-9

2. Musrap N, Diamandis EP. Revisiting the complexity of the 
ovarian cancer microenvironment—clinical implications for 
treatment strategies. Mol Cancer Res. 2012; 10(10): 1254-1264. 
doi: 10.1158/1541-7786.MCR-12-0353

3. Wilson WR, Hay MP. Targeting hypoxia in cancer therapy. 
Nat Rev Cancer. 2011; 11(6): 393-410. doi: 10.1038/nrc3064

4. Howard-Flanders P, Alper T. The sensitivity of microorgan-
isms to irradiation under controlled gas conditions. Radiat Res. 
1957; 7(5): 518-540.

5. Overgaard J. Hypoxic modification of radiotherapy in squa-

http://dx.doi.org/10.1016/S0092-8674%2800%2981683-9
http://mcr.aacrjournals.org/content/10/10/1254.long
https://www.nature.com/articles/nrc3064


GYNECOLOGY AND OBSTETRICS RESEARCH
Open Journal

http://dx.doi.org/10.17140/GOROJ-4-143ISSN 2377-1542

Gynecol Obstet Res Open J Page 43

mous cell carcinoma of the head and neck--a systematic review 
and meta-analysis. Radiother Oncol. 2011; 100(1): 22-32. doi: 
10.1016/j.radonc.2011.03.004

6. Gilbert MR, Dignam JJ, Armstrong TS, et al. A randomized 
trial of bevacizumab for newly diagnosed glioblastoma. N Engl 
J Med. 2014; 370(8): 699-708. doi: 10.1056/NEJMoa1308573

7. Chinot OL, Wick W, Mason W, et al. Bevacizumab plus 
radiotherapy-temozolomide for newly diagnosed glioblasto-
ma. N Engl J Med. 2014; 370(8): 709-722. doi: 10.1056/NEJ-
Moa1308345

8. Jain RK, di Tomaso E, Duda DG, Loeffler JS, Sorensen AG, 
Batchelor TT. Angiogenesis in brain tumours. Nat Rev Neurosci. 
2007; 8(8): 610-622. doi: 10.1038/nrn2175

9. Jain RK. Normalization of tumor vasculature: An emerging 
concept in antiangiogenic therapy. Science. 2005; 307(5706): 
58-62.

10. Tong RT, Boucher Y, Kozin SV, Winkler F, Hicklin DJ, Jain 
RK.Vascular normalization by vascular endothelial growth fac-
tor receptor 2 blockade induces a pressure gradient across the 
vasculature and improves drug penetration in tumors. Cancer 
Res. 2004; 64(11): 3731-3736. doi: 10.1158/0008-5472.CAN-
04-0074

11. Winkler F, Kozin SV,  Tong Rt, et al. Kinetics of vascular 
normalization by VEGFR2 blockade governs brain tumor re-
sponse to radiation: Role of oxygenation, angiopoietin-1, and 
matrix metalloproteinases. Cancer Cell. 2004. 6(6): 553-563. 
doi: 10.1016/j.ccr.2004.10.011

12. Francisco LM, Salinas VH, Brown KE, et al. PD-L1 regu-
lates the development, maintenance, and function of induced 

regulatory T cells. J Exp Med. 2009; 206(13): 3015-3129. doi: 
10.1084/jem.20090847

13. Tumeh PC, Harview CL, Yearley JH, et al. PD-1 blockade 
induces responses by inhibiting adaptive immune resistance. 
Nature. 2014; 515(7528): 568-571. doi: 10.1038/nature13954

14. Restifo NP, Smyth MJ, Snyder A. Acquired resistance to 
immunotherapy and future challenges. Nat Rev Cancer. 2016. 
16(2): 121-126. doi: 10.1038/nrc.2016.2

15. Bouffet E, Larouche V, Campbell BB, et al, Immune 
checkpoint inhibition for hypermutant glioblastoma multi-
forme resulting from germline biallelic mismatch repair defi-
ciency. J Clin Oncol. 2016; 34(19): 2206-2211. doi: 10.1200/
JCO.2016.66.6552

16. Twyman-Saint Victor C, Rech AJ, Maity A, et al. Radiation 
and dual checkpoint blockade activate non-redundant immune 
mechanisms in cancer. Nature. 2015; 520(7547): 373-377. doi: 
10.1038/nature14292

17. Eisenhauer EA, Therasse P, Bogaerts J, et al. New response 
evaluation criteria in solid tumours: revised RECIST guideline 
(version 1.1). European Journal of Cancer. 2009; 45(2): 228-
247. doi: 10.1016/j.ejca.2008.10.026

18. Wolchok JD, Hoos A, O'Day S, et al. Guidelines for the 
evaluation of immune therapy activity in solid tumors: Immune-
related response criteria. Clin Cancer Res. 2009; 15(23): 7412-
7420. doi: 10.1158/1078-0432.CCR-09-1624

19. Chiou VL, Burotto M. Pseudoprogression and immune-
related response in solid tumors. J Clin Oncol. 2015; 33(31): 
3541-3543. doi: 10.1200/JCO.2015.61.6870

http://linkinghub.elsevier.com/retrieve/pii/S0167-8140%2811%2900125-3
http://www.nejm.org/doi/full/10.1056/NEJMoa1308573
http://www.nejm.org/doi/full/10.1056/NEJMoa1308345
http://www.nejm.org/doi/full/10.1056/NEJMoa1308345
https://www.nature.com/articles/nrn2175
http://cancerres.aacrjournals.org/content/64/11/3731.long
http://cancerres.aacrjournals.org/content/64/11/3731.long
https://doi.org/10.1016/j.ccr.2004.10.011
http://jem.rupress.org/content/206/13/3015.long
http://dx.doi.org/10.1038/nature13954
https://www.nature.com/articles/nrc.2016.2
http://ascopubs.org/doi/abs/10.1200/JCO.2016.66.6552
http://ascopubs.org/doi/abs/10.1200/JCO.2016.66.6552
http://dx.doi.org/10.1038/nature14292
http://linkinghub.elsevier.com/retrieve/pii/S0959-8049%2808%2900873-3
http://clincancerres.aacrjournals.org/content/15/23/7412.long
http://ascopubs.org/doi/abs/10.1200/JCO.2015.61.6870

	_GoBack
	Tumor Conditioning Regimens: An  Evolution in Cancer Treatment that Relies on Short-Term Sacrifice f

