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Dear Dr. Akbulut, Dr. Papalois, Dr. Salvadori, and colleagues,

We thank you and the reviewers for their thoughtful and constructive feedback. Below

is a point-by-point response to each of the reviewer’s comments. New additions to the

main text of the manuscript highlighted in yellow:

REVIEWERS' COMMENTS:

Reviewer #1:

Scientific Quality: Grade B (Very good)

Language Quality: Grade A (Excellent)

Conclusion: Major revision

Specific Comments to Authors:

This study was a retrospective analysis from the large center and their finding was

meaningful from clinical point of view. We usually used MELD score or Child-score to

understand the patient’s condition and to predict the outcome preoperatively, however

by using their finding, we might predict the appropriate allocation compared to

previous period. The older age’s donor influenced to the graft function and

complication associated with infection. In other hand, the cardiovascular complication

and the cancer death were associated with older recipients. These factors were so

important in case of indicating transplantation (donor and recipient). Title, abstract and



key words covered their contents well, especially in corer tips. Method was easily

understood. All Results were shown and easy to understand. Discussion was quite

meaningful for their results, but a little long to understand. If possible please

summarize their discussion. Table included a lot of data and a little difficult to

understand. They cited all new references, I have some comment.

1. This analysis of six group was a little complicated and how about four group’s

analysis (donor and recipient: older or younger) without middle age?

Thank you for your thorough review of our manuscript and this important comment.

We have consolidated our analyses of donor:recipient groups into four: younger age

donor (YAD):younger age recipient (YAR), older age donor (OAD):YAR, YAD:older

age recipient (OAR), and OAD:OAR. In these analyses, the age threshold for recipient

and donor were <55-years-old and <65-years-old respectively.[1,2] The donor age

threshold of 65 years was chosen based on precedent set by the following studies:

 Houben P, Bormann E, Kneifel F, Katou S, Morgül MH, Vogel T, Bahde R,

Radünz S, Pascher A, Schmidt H, Brockmann JG. How old is old? An age-

stratified analysis of elderly liver donors above 65. Journal of Clinical

Medicine. 2022 Jul 4;11(13):3899.

 Ikegami T, Bekki Y, Imai D, Yoshizumi T, Ninomiya M, Hayashi H, Yamashita

YI, Uchiyama H, Shirabe K, Maehara Y. Clinical outcomes of living donor liver

transplantation for patients 65 years old or older with preserved performance

status. Liver Transplantation. 2014 Apr;20(4):408-15.

Below are the updated statistics included in the Supplemental of our manuscript. In

brief, the overall results remained the same with recipient age being the more

dominant factor in graft- and infection-related mortality while donor age was more



predictive of cardioneurovascular- and malignancy-related death:



Table S2. Multivariable logistic regression analysis for odds of improving functional status at 5 years of post-transplant follow-up

without pediatric (<18-years-old), DCD, and LDLT patients.

Donor-Recipient Age Pairs OR 95% CI P-value

YAD:YAR Reference

YAD:OAR 0.984 0.922 1.05 0.62

OAD:YAR 0.773 0.634 0.943 0.01

OAD:OAR 0.685 0.573 0.818 <0.0001

Diabetes 0.948 0.877 1.025 0.18

Recipient diagnosis

ALD Reference

Autoimmune Hepatitis 1.02 0.855 1.215 0.83

Biliary 0.632 0.56 0.713 <0.0001

HBV 1.327 1.102 1.598 0.0028

HCC 0.603 0.524 0.695 <0.0001

HCV 0.719 0.657 0.787 <0.0001

Idiopathic 0.719 0.657 0.787 <0.0001

MASLD/MASH 0.971 0.864 1.092 0.63

Other 0.741 0.456 1.204 0.23

MELD

≤10 Reference

11-20 2.677 2.123 3.377 <0.0001



21-30 18.159 14.485 22.763 <0.0001

31-40 119.607 95.379 149.99 <0.0001

Table S3. Multivariate Fine-Gray competing risk regression analysis identifying independent risk factors for different causes of death

within 5-year outcomes without pediatric (<18-years-old), DCD, and LDLT patients.
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In brief, the overall results remained the same with recipient age being the more

dominant factor in graft- and infection-related mortality while donor age was more

predictive of cardioneurovascular- and malignancy-related death. This highlights the

robustness of our findings. We have added the following sensitivity analyses in the

Methods (page 6, lines 44-45) and Results (page 9, lines 115-128; page 10, lines 159-

168) of our manuscript:

“Donors were divided into three groups according to donor age based on prior

literature: Younger Age Donors (≤45-years; YAD), Middle-Aged Donors (46-69-years;

MAD), and Older Age Donors (≥70-years; OAD)[3–5]. Recipient age groups were

dichotomized into two groups based on prior literature[6,7] and to yield the most

balanced sample sizes across subpopulations: Younger Age Recipients (≤55-years;

YAR) and Older Age Recipients (>55-years; OAR) at time of listing. Furthermore, we

conducted additional sensitivity analyses with a donor age cutoff of 65 years (Table

S2, Table S3).

Multivariable logistic regression analysis for improvement in functional status: older

donor:recipient pairs had lower likelihoods of improving functional status

Donor age was independently associated with improvement of functional

status, regardless of recipient age (Table 2). Compared to YAD:YAR pairs,

incrementally older donors and their respective recipient pairs had less likelihoods of

observing an improvement in functional status within 5-years post-LT: YAD:OAR

(OR 0.89, 95%CI 0.83-0.96, p=0.003), MAD:YAR (OR 0.83, 95%CI 0.77-0.90, p<0.001),

MAD:OAR (OR 0.80, 95%CI 0.73-0.87, p<0.001), OAD:YAR (OR 0.53, 95%CI 0.42-0.67,

p<0.001), and OAD:OAR (OR 0.67, 95%CI 0.51-0.89, p=0.006). Other notable

independent risk factors include biliary etiology (OR 0.77, 95%CI 0.70-0.86, p<0.001),



HCC (OR 0.56, 95%CI 0.49-0.64, p<0.001), HCV (OR 0.73, 95%CI 0.67-0.79, p<0.001),

and LDLT (OR 0.77, 95%CI 0.64-0.93, p=0.005) (Table 2). Sensitivity analyses utilizing

an age cutoff of 65 years also found that odds of improving functional status were

least likely in OAD:OAR (vs. YAD:YAR; OR 0.69, 95%CI 0.88-1.03), followed by

OAD:YAR (vs. YAD:YAR; OR 0.69, 95%CI 0.67-0.82) (Table S2).

…

Older recipients had higher risks of cardioneurovascular-, malignancy-, and renal-

related mortality

Donor:recipient age pairs with older recipients had higher subdistribution

hazards for cardioneurovascular-, malignancy-, and renal-related mortality (p<0.001)

(Table 3). Compared to YAD:YAR, older donors (YAD:OAR, sHR 1.46, 95%CI 1.32-

1.62; MAD:OAR sHR 1.45; 95%CI 1.30-1.61) had higher risks of cardioneurovascular-

related mortality. Similarly, older donors had higher risks of malignancy- (YAD:OAR,

sHR 1.36, 95%CI 1.22-1.51; MAD:OAR sHR 1.31; 95%CI 1.17-1.45) and renal-related

(YAD:OAR, sHR 1.58, 95%CI 1.07-2.29; MAD:OAR sHR 1.90; 95%CI 1.29-2.79;

OAD:OAR sHR 2.49, 95%CI 1.37-4.53) mortality. These associations were replicated in

a sensitivity analysis utilizing a donor age cutoff of 65 years (Table S3).”

2. What was the reason for the infection related complication with elder age donor?

Thank you for the opportunity to clarify our findings. We have added the following in

our Discussion (page 12, lines 185-196)

“The utilization of older allografts is an important strategy for expanding the donor

pool for LT to meet its demand. In this study, even when allocated to younger



recipients, older donor allografts were associated with higher risks of graft- and

infection-related mortality. Prior studies similarly show that older allografts were

more susceptible to graft-related complications, especially when other risk factors

such as cold ischemia time, steatosis, and recipient comorbidities are present[3,8]. In

addition to “inflammaging”, the result of an imbalance between a chronically

inflamed state and oxidative stress that occurs over the course of life, older allografts

may also be more prone to ischemic reperfusion injury (IRI) that can manifest as graft-

or infection-related complications[9,10]. IRI from extended cold or warm ischemia time

may result in nonanastomotic biliary complications and up to 10% of all early

allograft failures[11–13]. Recent advances in preservation methods across all solid organ

transplantation have aimed to reduce IRI[14–16]. Particularly in DCD donors where the

incidence of biliary complications are 3-times as high as DBD donors[17,18],

hypothermic machine perfusion has been shown to reduce the risk of nonanastomotic

biliary strictures by nearly 75% in the HOPE-DCD randomized controlled trial

(NCT02584283)[19]. Future work to mitigate IRI as in advances in normothermic or

hypothermic machine perfusion will be important to mitigate the risks of graft- and

infection-related complications associated with older and other high risk allografts.“

3. DCD and LDLT were completely different in terms of cold ischemic time. How about

separating these factors?

Thank you for your feedback. We agree with the reviewer and recognize that DCD

and LDLT will have different allograft characteristics. We have adjusted for these

variables in the original regression analyses in the main manuscript, but here, we

have provided additional analyses with patient receiving DCD and LDLT allografts

removed (Table S3, Table S4). These analytic parameters were incorporated in a



similar analysis above (Reviewer #1, comment #1).

4. There were a lot of influencing factors such as preoperative, intraoperative and

postoperative problems regarding the outcome after liver transplantation. Did they

analyze the immunosuppressant medicine (tacrolimus or cyclosporine). This factor was

known to be associated with infection and recurrence of the disease by the previous

literature.

Thank you for this important comment. Immunosuppressant medication can be an

important factor in infection- and malignancy-related causes of death and allograft

failure. We have added the following summary statistics on the available

immunosuppression data from the SRTR:

Table S5. Summary statistics of immunosuppression regimen stratified by causes of

death.
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Missing
692 (16.68%)

178
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2230 (64.53%)
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Based on our exploration, it appears that the immunosuppression data in the SRTR is

quite limited without information on the day-to-day longitudinal nuances (e.g.,

peak/trough levels, immunosuppression regimen). Also, because

immunosuppression strategies are often not mutually exclusive and involve more

than one therapies at a time, this creates biostatistical challenges for analysis. We have

added the following in the limitations of our manuscript (pages 14-15, lines 250-260):

Second, the present analysis did not account for differences in immunosuppression

therapy. Different post-LT immunosuppressive strategies (e.g., mTOR inhibitors vs.

calcineurin inhibitors) have been associated with differences in late outcomes (e.g., de

novo malignancies)[20–22]. Unfortunately, these variables had significant amounts of

missingness, low sample sizes at long-term endpoints in the SRTR dataset and could

not account for differences in immunosuppression strategies that prevented further

investigation or biostatistical analysis. Third, perioperative characteristics such as

operating time, transfusion requirements, and hemodynamic instability were not

accounted for in our analyses since these data were not available in the SRTR. While

these factors may influence immediate perioperative outcomes, their impact on long-



term outcomes – the primary focus of our study – is less substantial[23,24].

5. I felt that there was a big difference between pediatric and adult cases. Could you

separate these patients?

Thank you for your feedback. We agree that pediatric and adult LT cases may have

differences in long-term outcomes. Here, we have provided additional analyses with

pediatric LT recipients removed (Table S3, Table S4). These analytic parameters were

incorporated in a similar analysis above (Reviewer #1, comment #1).

6. They concluded that elder donor and recipients would influence worse effect, so

could they clarify the cut-off value of age through their study?

Thank you for the opportunity to clarify our results. The age cut-off to define older

age donors was ≥70 years which builds on prior literature that have found worse

outcomes in the same subgroup of patients:

 Haugen CE, Thomas AG, Garonzik-Wang J, Massie AB, Segev DL. Minimizing

Risk Associated With Older Liver Donors by Matching to Preferred Recipients:

A National Registry and Validation Study. Transplantation 2018; 102: 1514–

1519.

 Haugen CE, Bowring MG, Holscher CM et al. Survival benefit of accepting

livers from deceased donors over 70 years old. American Journal of

Transplantation 2019; 19: 2020–2028.

 Haugen CE, Holscher CM, Luo X et al. Assessment of Trends in

Transplantation of Liver Grafts From Older Donors and Outcomes in



Recipients of Liver Grafts From Older Donors, 2003-2016. JAMA Surg 2019;

154: 441.

We have expanded on the following point in our Discussion (page 11, lines 172-176) to

clarify our results:

Not surprisingly, older donor:recipient age pairs were associated with higher

rates of all-cause mortality. However, there were differences in late causes of

mortality between donor:recipient age pairs. Patients receiving allografts ≥70 years

had higher risks of graft- and infection-related mortality. In contrast, recipient age had

a more significant impact on cardioneurovascular-, malignancy, or renal-related

deaths. Additionally, regardless of recipient age, patients receiving allografts ≥70

years have lower likelihoods of improving their functional status at 5-years post-LT.

These findings suggest varying risks of morbidity with different donor:recipient age

pairs, which may hold important implications for decisions on organ offer acceptance.

7. They didn’t analyze intraoperative data such as operating time, transfusion volume,

and hemodynamic data at all. Was their analysis valid?

Thank you for this important comment. We were similarly concerned with adjusting

for such confounding variables. Granular data on operating time, transfusion, and

intraoperative hemodynamics were not available in the SRTR. However, we believe

our analyses are still valid as the focus of our present study were on long-term

outcomes which may attenuate the influence of intraoperative factors compared to

overall donor allograft and recipient characteristics. We acknowledge these

limitations and have clarified them in the revised manuscript (pages 14-15, lines 256-



260)

Third, perioperative characteristics such as operating time, transfusion requirements,

and hemodynamic instability were not accounted for in our analyses since these data

were not available in the SRTR. While these factors may influence immediate

perioperative outcomes, their impact on long-term outcomes – the primary focus of

our study – is less substantial[23,24].

Reviewer #2:

Scientific Quality: Grade C (Good)

Language Quality: Grade B (Very good)

Conclusion: Major revision

Specific Comments to Authors:

Aging Allografts and Donor-Recipient Age Mismatch in Liver Transplantation Hasjim

BJ et al have provided a retrospective study regarding the outcome of Aging Allografts

and Donor-Recipient Age Mismatch in Liver Transplantation. While overall studies do

not have a high novelty, certain key parameters do show a new insight about age-

related outcome of Liver transplant, such as graft- and infection-related mortality,

cardioneurovascular, or malignancy-related deaths in comparison with the age of the

patients. To add some key novelty to the manuscript, I would recommend the following

amendments to the manuscript and revising it before acceptance. Comments:

1) Table 1 has a lot of significant data that affects mortality and provides guidance in

choosing appropriate Donor: recipient condition, which should be presented as a graph

and discussed in the results section, such as Anoxia, CNS tumor, CVA, Coronary artery

disease, Diabetes, Hypertension. I would advise adding those data in graphical form

with statistical analysis, with the addition of details in the result, and the discussion.



Thank you for your thorough review of our manuscript and your feedback to

highlight the importance of the donor allograft characteristics. We have added the

following figure below:

Figure 1. Donor characteristics and comorbidities by donor:recipient type. There were

differences in donor characteristics between donor:recipient age pairs. The most

common causes of death in donors was CVA, while anoxia and head trauma was more

common in younger donors (p<0.001). Older donors had higher rates of comorbidities

such as diabetes and hypertension. High risk organ donors, DCD, and LDLT were more

likely to be of younger donor:recipient age pairs (p<0.001).



We have also expanded the discussion of these findings further in pages 13-14, lines

233-240.

Currently, the liver allocation policy prioritizes the distribution of age-matched

pediatric liver donors to pediatric LT candidates over their adult counterparts[25].

However, this age-matched, allocation advantage does not apply after patients enter

young adulthood. Large donor:recipient age gaps have been associated with

increased risks of mortality by as much as 97% among those with differences

spanning ≥20 years[26]. Given the projected increasing availability of older allografts,

its potential interactions with increasing utilization of organ donation after DCD,

other extended criteria, and advances in organ preservation through machine

perfusion, it may be prudent to revisit the role of age matching in organ

allocation[27,28]. We found that donors in older donor:recipient age pairs had higher

rates of comorbidities such as diabetes and hypertension. Despite this, older LT

recipients who received organs from older donors have demonstrated comparable

long-term survival compared to older LT recipients of younger donors[29]. In these

cases, matching older recipients to older allografts may offer a survival benefit,

particularly when the liver offer might otherwise fall below the typical threshold for

transplantation[30]. Conversely, high risk organs, DCD, and LDLT from younger

donors may be matched with younger recipients to optimize the survival benefit of an

allograft. Moving from the “sickest first” allocation policy established by the MELD to

a policy that is grounded on allograft utility and maximizing the total lifespan saved

by LT may have major epidemiological ramifications[31]. Among younger patients

who are not in emergent need of LT, preferential allocation of younger aged donor

offers could optimize organ utility by increasing postoperative graft survival time[27].

Investigating the impact of age-matched policies within the context of current

advances in expanding the donor pool are warranted.



2) The outcome of the manuscript has been known for a while in the field. To add a

novelty to the manuscript, please add group-specific details in the results and

discussion sections. E.g., specific result titles “Higher donor age had the highest rates of

graft- and infection-related mortality regardless of recipient age” or “older recipients

are more prone to malignancy-related mortality” will help to keep the manuscript with

pinpoint novel information.

Thank you for the opportunity to clarify the results of our manuscript. We have

reorganized our manuscript and revised the main title and subtitles of subsections of

our Results to maintain its focus on the novel findings of our study. The new titles

and subtitles are as follows:

 Main title: Donor-recipient age mismatch and outcomes in liver

transplantation: an SRTR database analysis

 Results:

o Multivariable logistic regression analysis for improvement in

functional status: older donor:recipient pairs had lower likelihoods of

improving functional status

o Survival analysis: YAD:YAR pairs had the highest median survival

o Multivariate Fine-Gray competing risk survival analysis:

 Older donor:recipient age groups had higher risk of graft- and

infection-related mortality:

 Older recipients had higher risks of cardioneurovascular-,

malignancy-, and renal-related mortality



3) Clarity of sentences is missing: e.g. Older donors, regardless of recipient age, had

higher rates of graft- and infection-related mortality (p<0.001). The author has not

clarified the affected group. Such statements are present in the manuscript and require

more clarification in writing.

Thank you for your important comment. This statement was meant to say that

incrementally older donors in their respective donor:recipient age pairs had higher

rates of graft- and infection-related mortality. That is, the recipient age in these

donor:recipient age pairs had less of an impact in these outcomes compared to the

donor age.

We have revised the following sentence in the abstract and similar statements

throughout the manuscript and figure legends.

Donor:recipient age pairs with older donors had higher rates of graft- and infection-

related mortality compared to those with younger donors (p<0.001). Meanwhile,

donor:recipient age pairs with older recipients had higher cardioneurovascular-, or

malignancy-related deaths compared to those with younger recipients (p<0.001).

4) Current figures are not self-explanatory. It requires major improvement.

Thank you for this feedback, we have revised the titles and legends of the figures of

our manuscript below to clarify the results they represent:



Figure 1. Donor characteristics and comorbidities by donor:recipient type. There were differences in donor characteristics

between donor:recipient age pairs. The most common causes of death in donors was CVA, while anoxia and head trauma



was more common in younger donors (p<0.001). Older donors had higher rates of comorbidities such as diabetes and

hypertension. High risk organ donors, DCD, and LDLT were more likely to be of younger donor:recipient age pairs

(p<0.001).



Figure 2. Post-LT Survival of patients stratified by each pairing of donor and recipient age: A) graft-related, B) infection-

related, C) cardioneurovascular-related, D) malignancy-related, and E) renal-related mortality. Incrementally increasing

donor age in each respective donor:recipient pair had increasing rates of graft- and infection-related mortality (Figure 1A

and 1B). Conversely, cardioneurovascular-, malignancy, and renal-related mortality were largely driven by recipient age

as incrementally increasing recipient age in each respective donor:recipient pair had increased rates of these outcomes

(Figure 1C-1E).



Figure 3. Competing risk cumulative incidence curves for post-LT, cause-specific mortality by each donor:recipient age

pair: A) YAD:YAR, B) MAD:YAR, C) OAD:YAR, D) YAD:OAR, E) MAD:OAR, F) OAD:OAR. Cause-specific mortality

and alternative causes of death were treated as competing risks. Within each donor:recipient subgroup, infection-, graft-,

and cardioneurovascular-related mortality were most prevalent within the first 1.5 years of follow-up (Figure 1A-F). Rates

of graft- and Infection-related mortality rises with incremental increases of donor age among young recipients (Figure 1A-

C). Malignancy-related mortality begins to rise at later follow-up endpoints and eventually surpasses most causes of

death (Figure 1A-F). Among older recipients (YAD:OAR, MAD:OAR: OAD:OAR), malignancy-related mortality

surpasses other causes of death sooner in follow-up (Figure 1D-F).



5) Claim of Cellular senescence requires strong evidence, which is not provided in the

manuscript; either provide more evidence or remove the claim. Thank you.

Thank you for this important comment. We have removed the claim from our

manuscript to prioritize the added discussion from reviewer comments above.
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Revision reviewer 1

Comment: Thank you so much for your tremendous efforts. I really appreciate

your revised manuscript. I accepted their revisions.

Reply: Thanks for your comments.


